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Field of the Invention 

The present invention relates to the development of 
diagnostic and therapeutic agents and, in particular, to 
compositions based on platelet-derived growth factor receptors. 

BACKGROUND OF THE INVENTION 

Platelet-derived growth factor (PDGF) is a major 
mitogen for cells of mesenchymal origin. The protein mitogen 
is usually a 3 2 kDa protein heterodimer usually composed of two 
polypeptide chains, A and B, linked by disulfide bonds. In 
addition to the PDGF AB heterodimer, two homodimeric forms of 
PDGF, denoted AA and BB, have been identified. 

The first event in PDGF-mediated mitogenesis is the 
binding of PDGF to its receptor at the cell membrane. This 
interaction triggers a diversity of early cellular responses 
including activation of receptor tyrosine kinase, increased 
phosphatidylinositol turnover, enhanced expression of a group 
of genes, activation of phospholipase A2 , changes in cell 
shape, an increase in cellular calcium concentration, changes 
in intracellular pH, and internalization and degradation of 
bound PDGF. These changes are followed by an increase in the 
rate of proliferation of the target receptor containing cells. 

The ability of a polypeptide to stimulate growth of a 
particular cell type in vitro does not prove that it serves the 
same function in vivo, but the roles of many growth factors on 
cells are being studied to determine the roles that the factors 
play in the whole organism. In vitro , platelet-derived growth 
factor is a major polypeptide mitogen in serum for cells of 
mesenchymal origin such as fibroblasts, smooth muscle cells, 
and glial cells. In vivo , PDGF does not circulate freely in 
blood, but is stored in the a granules of circulating blood 



platelets* During blood clotting and platelet adhesion , the 
granules are released, often at sites of injured blood vessels, 
thus implicating PDGF in the repair of blood vessels, PDGF may 
stimulate migration of arterial smooth muscle cells from the 
medial to the intimal layer of the artery where the muscle 
cells may proliferate. This is likely to be an early response 
to injury, 

PDGF is being studied to determine how cell 
proliferation is controlled in the body. The growth factor has 
been implicated in wound healing, in atherosclerosis, in 
myeloproliferative disease, and in stimulating genes associated 
with cancerous transformation of cells, particularly c- mvc and 
c-fos. Therefore, PDGF agonists may be useful in promoting 
wound healing. PDGF antagonists may also be useful in 
preventing atherosclerosis, in retarding blood vessel narrowing 
that occurs after cardiovascular intervention and in 
controlling cancerous proliferation. 

The interaction of PDGF with cells is mediated, in 
part, by a receptor for the mitogen. The PDGF receptor is 
therefore a very important component in mitogenic stimulation 
by the growth factor. However, the inability to characterize 
the direct interaction between the PDGF and its receptor and 
between the PDGF receptor and intracellular components has 
hampered the development of reagents needed in the diagnosis or 
treatment of physiological conditions or disorders 
characterized by abnormal or undesired PDGF responses. For 
these reasons, a dramatic need exists to characterize the 
structural and physiological properties of PDGF receptors. 

SUMMARY OF THE INVENTION 
In accordance with the present invention, DNA 
sequences encoding human platelet-derived growth factor 
receptor (hPDGF-R) polypeptides have been isolated and 
sequenced. In one embodiment, expression constructs are 
provided comprising one or more sequences that encode 
PDGF-receptor proteins that can be secreted or associated with 
the membrane of a mammalian cell. The membrane associated 
receptor should be functionally similar to or equivalent to a 



wild-type receptor thereby conferring a PDGF sensitive 
mitogenic response on cells lacking the receptor. The 
construct can be used, inter alia , for producing large amounts 
of the PDGF-receptor or fragments, for enhancing PDGF response 
of cells, for determining the regions of the receptor 
polypeptides involved in transducing the mitogenic signal in 
response to PDGF binding, for providing mutated analogs of the 
receptor, for evaluating drugs for their physiologic activity, 
and for probing the integrity of sequences nearby the 
chromosomal loci of the receptor genes. In particular, various 
soluble fragments of the receptor are provided, many possessing 
various properties of cell associated hPDGF-R proteins. Novel 
methods utilizing these constructs are also provided. 

The present invention provides a purified and 
isolated recombinant nucleic acid of less than about 50 fcbp 
comprising at least about 2 4 contiguous nucleotides which 
encode a human platelet-derived growth factor receptor (hPDGF- 
R) polypeptide segment. Preferably the segment is a soluble 
polypeptide. In particular embodiments, the segment consists 
essentially of a full length extracellular region of a B type 
or an A type hPDGF receptor, e.g., a sequence of a polypeptide 
in Table 2 or Table 3. In other embodiments, the nucleic acid 
encodes a segment with a phosphorylation site. 

Usually, the encoded segment is less than about 300 
amino acids, and will preferably be capable of binding to PDGF, 
be a substrate for phosphorylation, or be capable of binding to 
a PI3 kinase. In other embodiments, the encoded segment lacks 
a substantially complete intracellular region. 

The invention also embraces a cell transformed with 
the described nucleic acids, typically where the cell is a 
mammalian cell. In particular embodiments, the cell further 
contains a glycosylation enzyme originating from a non-fungal 
species . 

Expression vectors are also provided, and in certain 
embodiments, the nucleic acid nucleotides encoding the segment 
are operably linked to a promoter. Recombinant nucleic acids 
are provided which further encode a heterologous polypeptide 
which is fused to the hPDGF-R segment. 



As another aspect of the invention, methods are 
provided for evaluating the ability of a compound to function 
as a hPDGF-R agonist or antagonist, utilizing the step of 
comparing the amount of a PDGF-induced response from a control 
cell with that in a cell transformed with a hPDGF-R peptide 
fragment encoding nucleic acid. In various embodiments, the 
PDGF-induced response is compared by measuring synthesis of DNA 
in the cells- After contacting the cells with cell with PDGF. 

Polypeptide embodiments include a substantially pure 
hPDGF-R polypeptide fragment of at least about twenty amino 
acids having platelet-derived growth factor (PDGF) binding 
activity or tyrosine kinase activity- Typically, the 
polypeptide fragment will be soluble. 

In other embodiments, hPDGF-R fragments are~provided 
having hPDGF-R binding activity consisting essentially of amino 
acids beginning at about 1 and ending at about 499 of a type B 
hPDGF-R, e.g., derived from Table 2, or consisting essentially 
of amino acids beginning about 1 and ending at about 501 of a 
type A hPDGF-R, e.g., derived from Table 3. The invention 
embraces compositions having an unglycosylated hPDGF-R 
fragment, preferably where the fragment is substantially pure. 
In other embodiments, the hPDGF-R fragment exhibits a 
glycosylation pattern which is non-fungal and non-human. 
Particularly useful compositions have a hPDGF-R polypeptide 
fragment which is essentially the extracellular region of a 
type B or a type A hPDGF-R, e.g., derived from sequences of 
Table 2 or Table 3 . An additional embodiment is a composition 
comprising a combination of: (a) a recombinant nucleic acid 
encoding a human platelet-derived growth factor receptor 
polypeptide (hPDGF-R) fragment; and (b) a non-fungal 
glycosylation enzyme capable of glycosylating said fragment 
when expressed. 

The present invention provides various methods for 
introducing a hPDGF-R activity to a cell, comprising the step 
of introducing a hPDGF-R protein fragment of at least about 
five hundred daltons to a cell. A method for assaying the 
presence of a ligand for a PDGF receptor in a sample is also 
provided, comprising the steps of: (a) combining the sample 



with a hPDGF receptor ligand binding site; and (b) detecting 
binding between the ligand and the hPDGF receptor ligand 
binding site • 

With respect to the intracellular region of the PDGF 
receptors , the present invention provides an isolated 
polypeptide of less than about 2 00 amino acids comprising a 
receptor kinase insert region. In various embodiments, the 
polypeptide has a phosphorylated amino acid residue, e.g., 

phosphotyrosine. Usually, the polypeptide has a sequence 
substantially homologous to a kinase insert segment of a PDGF 
receptor, e.g., a sequence from Table 2 or Table 3. The 
invention also provides a composition with the polypeptide and 
a pharmaceutically acceptable carrier. 

Various methods are provided by the invent ion, 
including methods for modulating the biological activity of a 
first protein which binds to a phosphorylated region of a 
second protein, the method including a step of adding to the 
first protein a peptide analogue of the phosphorylated region, 
where the analogue is capable of inhibiting the binding of the 
first protein to the second protein. Other methods are 
provided for selecting a molecule capable of inhibiting binding 
of a protein which binds to a target phosphorylated 
polypeptide. This method has steps of contacting the protein 
with the target phosphorylated polypeptide in the presence of 
the molecule in a first analysis; contacting the protein with 
the target phosphorylated polypeptide in the absence of the 
molecule in a second analysis; and comparing these analyses to 
determine the effect of the molecule on the binding. In 
particular embodiments, these contacting steps are performed in 
succession. 

Other methods for modulating a PI3 kinase activity as 
provided, comprising the step of adding a phosphorylated PDGF 
receptor kinase insert region polypeptide to the PI3 kinase, 
thereby allowing binding between the polypeptide and the PI3 
kinase. 

The present invention provides methods for purifying, 
from a sample, a protein capable of binding to a PDGF receptor 
kinase insert segment, comprising the step of contacting the 



sample with an analogue of a phosphorylated polypeptide 
substantially homologous to a PDGF receptor kinase insert 
region polypeptide, thereby allowing the protein to bind 
specifically to the phosphorylated polypeptide. 

Methods of isolating a nucleic acid encoding a 
protein capable of binding to a PDGF receptor are provided, 
comprising the steps of combining a labeled and phosphorylated 
PDGF receptor kinase insert region polypeptide with cells 
expressing various proteins, thereby labeling those cells which 
express the nucleic acid to produce a protein which binds the 
phosphorylated polypeptide; and isolating those cells which 
have been labeled. This method is particularly useful to 
isolate nucleic acids encoding PI3 kinase or c- fms « 
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BRIEF DESCRIPTION OF THE FIGURES 
Figure 1 illustrates the association of 8 5 kD/PI3 
kinase with the type B PDGF receptor. The association of 
phosphoprotein with the PDGF receptor (a and b) and 
5 phosphatidyl inositol 3 1 kinase (PI3 kinase) activity (c and d) 
were studied in intact cells (a and c) and in vitro (b and d) . 
In the intact cell experiments PDGF-stimulated (+) or control 
cells (-) were solubilized and the receptor was 
immunoprecipitated using anti-receptor antibodies. The 
10 receptor-associated phosphoproteins were detected by incubating 
the receptor-associated protein complex with MnCl 2 and 7 32 P-ATP 
o followed by autoradiography of an SDS polyacrylamide gel. The 

— i. I! 

f*t PDGF-stimulated receptor associated with 85 kD and 110 kD 

J: phosphoproteins and PI3 kinase activity, but the unstimulated 

Ml 5 receptor was not. Equivalent amounts of receptor were 

7" immunoprecipitated from the lysates from stimulated and 

H unstimulated cells. In vitro associations were performed by 

incubating the baculovirus-expressed receptor with lysates from 
y3 PDGF-stimulated (+) or unstimulated (-) cells. Receptor- 

0 associated phosphoproteins (b) and PI3 kinase activity (d) were 

detected. The position of the 85 kD protein is indicated by 

the arrows . 

Figure 2 illustrates the association of 85 kD protein 
and PI3 kinase activity with the wild type and kinase insert 

2 5 deletion mutant receptor in vitro . Lysates from unstimulated 

3T3 cells were mixed with immunoprecipitated wild type PDGF 
type B receptor or kinase insert deletion mutant receptor that 
were prepared using a baculovirus expression system. The 
immunoprecipitates containing receptor-associated proteins were 

3 0 washed extensively. In vitro protein kinase assays (panel a) 

or PI3 kinase activity assays (panel b) were performed on the 
proteins. The first lane of panel (a) shows the in vitro 
protein kinase assay of the baculovirous-expressed receptor 
that was not mixed with cell lysate. The top two bands of the 
3 5 second and third lanes of panel (a) are from the baculovirus- 
expressed receptor (second lane) or the mutated receptor (third 
lane) and their respective precursors. The arrow indicates the 
85 kD protein. 
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Figure 3 illustrates the need for requirement of 
receptor autophosphorylation for association with PI3 kinase 
activity and 85 kD protein. PDGF receptors were 
immunoprecipitated from Sf9 cells infected with the wild type 
PDGF receptor recombinant baculovirus. Immunoprecipitates 
containing phosphorylated receptor were incubated with 
solubilized 3T3 cell lysates. PI3 kinase assays (a and b) and 
in vitro kinase assays (c) were performed. (a) Association of 
PI 3 kinase activity with phosphorylated PDGF receptors were 
incubated with potato acid phosphatase (PAP) or PAP plus 
orthovanadate . 

Figure 4 illustrates the use of peptides to block the 
association of the 85 kD phosphoprotein and PI3 kinase activity 
with the receptor. The peptides listed in Table AI were 
preincubated with unstimulated 3T3 cell lysates prior to 
incubation with immunoprecipitated receptor. The detection of 
the receptor-associated phosphoproteins (panel a) and the 
receptor-associated PI3 kinase activity (panel b) were 
performed as in Figs. 1 and 2. The 85 kD protein is indicated 
by the arrow. 

Figure 5 illustrates the concentration-dependance of 
the blocking activity of peptide Y719P. A series of 
concentrations of peptide Y719P were tested for the ability to 
block the binding of proteins (panel a) or PI3 kinase activity 
(panel b) to baculovirus-expressed immunoprecipitated receptor. 
The arrow points to the 85 kD phosphoprotein. The assays were 
performed as described in Figs. 1, 2 and 3. 

Figure 6 illustrates that the association of PDGF 
receptor with PLC-7 and GAP is not affected by preincubation of 
3T3 unstimulated lysates with receptor phosphopeptide , Y719P. 
Unstimulated 3T3 lysates were preincubated in the presence and 
absence of a receptor phosphopeptide (Y719P) prior to the 
association with the baculovirus-expressed receptor. The 
peptide/lysate mixture was incubated with the 

immunoprecipitated baculovirus-expressed receptor as described 

in Figs. 1, 2 and 3. The presence of PLC— r and GAP in the 
receptor complex was determined by immunoblot analysis using 
PLC-7 anci GAP antibodies as probes. in the lane marked 



"lysates", crude lysates of 3T3 cells were immunoblotted as 
controls to show the electrophoretic position of the PLC-7 and 
GAP. 

Figure 7 illustrates the association of soluble 
radiolabeled receptor with immobilized 85 kD protein ("receptor 
blot"). Baculovirus-expressed PDGF receptors were 
immunoprecipitated using receptor antibodies and the receptor 
was 32 P-labeled in vitro by autophosphorylation . The 
solubilized radiolabeled receptor was used to probe 
nitrocellulose filters containing SDS-polyacrylamide gel- 
fractionated lysates from control (lanes 1, 3, 4 and 5) or PDGF 
stimulated (lane 2) cells. In the peptide competition 
experiments (lane 3 f 4, and 5) the peptides were added to the 
nitrocellulose paper along with the radiolabeled receptor 
probe. The arrow indicates the position of the 85 kD protein. 

Figure 8 illustrates a strategy for oligonucleotide 
directed in vitro production of a soluble hPDGF-R extracellular 
region. The abbreviations used are: 

PR = PDGFR; intact 

P = PDGFR; extracellular region 

TM *= transmembrane region 

K = kinase 

S = signal sequence 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Human platelet derived growth factor receptor (hPDGF- 
R) compositions are provided by the present invention. These 
compositions will be full length natural forms, fragments of 
the natural forms, fusion proteins with those fragments, 
modified forms of each, and multi-protein complexes comprising 
them. In particular, soluble polypeptides exhibiting hPDGF-R 
functions are made available, both extracellular and 
intracellular region fragments. 

Methods for producing protein compositions based upon 
hPDGF receptors are provided. Nucleic acid constructs which 
encode the various hPDGF-R protein compositions are also, 
disclosed. The nucleic acid constructs will be useful to 
transfect cells, providing an efficient and economical means to 
produce commercially useful quantities of the protein 
compositions. These cells, and others containing hPDGF 
receptors, will also be useful in diagnosis or for study of 
mechanisms of PDGF mitogenic action. They will be used to 
evaluate new drugs which affect signal transduction of PDGF 
ligand binding, and in treatment of diseases associated with 
hPDGF receptors. The constructs can be used to transfect 
cells, providing membrane-bound receptors that are functionally 
equivalent to wild-type receptors, and conferring a PDGF— 
sensitive mitogenic response on cells lacking receptors. The 
transfected cells can be used as a model for studying the PDGF- 
induced response of cells, determining the regions involved in 
transducing the signal in response to PDGF ligand binding, and 
evaluating drugs for their physiologic activities. Encoded 
receptors or their binding regions also find use in evaluating 
PDGF analogues. 

The receptor fragments and their analogues will find 
use in determining regions of the receptor polypeptides which 
are involved in signal transduction in response to PDGF 
binding. In particular, the ability to test various 
combinations of structural features, e.g., ligand binding 
determinants, will allow dissection of receptor features to 
determine the importance to ligand binding affinity, ligand 
specificity, and physiological responses. 
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The hPDGF-R proteins will also find use in producing 
antibody reagents. These reagents should be capable of 
interfering with, or simulating, particular molecular 
interactions of the receptor polypeptides* 
5 Soluble proteins possessing PDGF binding capacity 

will be useful in blocking PDGF action, as reagents for the 
quantitation of PDGF in diagnostic samples, for soluble testing 
of binding interactions between modified determinants for 
ligand binding and natural, modified, or derivatized ligands, 
LiLO and for screening for monoclonal antibodies against hPDGF-R 
5 polypeptides. They will also find therapeutic uses. 
m The DNA sequences will also find use as probes to 

S! detect genetic abnormalities, e.g., deletions or rearrangements 
5 in the region of chromosome 5 where a number of growth-control 
QL5 related genes are clustered, in the region of chromosome 4 near 
: the c-kit oncogenes, or to detect other genes encoding tyrosine 

fly kinases or homologous genes. 

H Certain regions of the cytoplasmic region of the PDGF 

S receptor, among them the kinase insert (KI) region, allow the 
N20 PDGF receptor to interact with, e.g., bind with, other cellular 
proteins. Peptides substantially homologous to these regions, 
as well as organic analogue molecules, will find use in 
inhibiting the interaction between the PDGF receptor and other 
proteins, in identifying, screening for, and purifying proteins 
25 with which the PDGF receptor interacts, and in cloning genes 
encoding these proteins. These homologous peptides will also 
find use in medical diagnosis and in drug therapies, e.g., 
affecting PDGF receptor activities and receptor interactions 
with other proteins. 
3 0 Moreover, the understanding of the role of 

phosphorylated residues to protein-protein interactions is 
applicable to other receptors and phosphorylated proteins. The 
phosphorylation of specific amino acids in particular 
polypeptide segments or substantially homologous segments, 
3 5 e.g., phosphorylation sites, has special biological 

significance. Identification of the phosphorylation sites and 
regions of protein interactions are important in preparing 
reagents useful in inhibiting such interactions, leading to a 
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modulation of the function of such proteins. The peptide 
analogues will also be useful in identifying and purifying 
proteins which interact with phosphorylated residues and in 
isolating and cloning genes encoding these proteins. 



OUTLINE 

I. General Description 
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a. extracellular region 

i. signal sequence 

ii. Ig domains 

b . transmembrane segment 

c. intracellular region 
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A. Soluble Forms 
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C. Fusion Proteins 

D. Genetic Variants (site-directed 
mutagen i zed) 

E. Compositions Comprising Proteins 
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A. Isolated Nucleic Acids 

B. Recombinant Nucleic Acids 

C. Compositions Comprising Nucleic Acids 

IV. Methods for Making PDGF-R 
A. Protein Purification 

1. affinity with derivatized PDGF 

2. various ligands, same receptor 
B* Expression of Nucleic Acids 

V. Antibodies 

VI. Methods for Use 

A. Diagnostic 

B. Therapeutic 



I . General Description 

The isolated full-length human platelet-derived 
growth factor (hPDGF) receptor mRNA encodes a single 
hydrophobic polypeptide segment similar to a membrane-spanning 
segment (designated the transmembrane segment). The segments 
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of a PDGF-R amino proximal to the transmembrane segment make up 
the extracellular region, while the segments carboxy proximal 
to the transmembrane segment are designated the intracellular 
region. From the amino terminus, the extracellular region has 
5 an NH 2 -terminal hydrophobic putative signal sequence, an 

immunoglobulin-like domain (designated Igl) , and second, third, 
fourth, and fifth immunoglobulin-like domains (designated Igll, 
Iglll, IglV, and IgV, respectively). Although various 
structural features are identified in the external region of 
hkO the hPDGF-R, the most important functional property which 
:;f defines the region is the binding to the receptor ligands, 
fU e.g., members of the PDGF family and analogues thereof. 
IS The intracellular region is characterized, in part, 

p by the presence of a split tyrosine kinase structural domain. 
G[5 In the human type B receptor polypeptide, this domain is about 
L : 244 residues long and has an insert of about 104 amino acids. 
m See Table 2. In the human type A receptor polypeptide, the 
J. tyrosine kinase domain is also about 244 residues long with a 
D kinase insert of about 103 amino acids. See Table 3. 
**5o Functionally, this domain is defined, in part, by its tyrosine 
kinase activity, typically modulated by ligand binding to the 
extracellular region, and appears to function in a dimer state. 
The substrate for phosphorylation includes various tyrosine 
residues on the accompanying receptor polypeptide chain , and 

2 5 other proteins which associate with the receptor. The tyrosine 

kinase domain is also defined, in part, by its homology to 
similar domains in other tyrosine kinase activity containing 
proteins. See, e.g., Yarden et al. (1986) Nature 323: 226- 
232. As such, the actual boundaries, determined by homology to 

3 0 other similar domains, may vary by a few amino acid residues, 

perhaps as many as about 7 residues, but probably within about 
4 residues, and more probably within about one or two residues. 
A protein substantially lacks a complete intracellular region 
when it lacks a prototypical intracellular region, particularly 
3 5 lacking a tyrosine kinase domain; a similar concept is provided 
with respect to lack of a complete transmembrane region. 

A typical PDGF-R nucleic acid sequence encodes a 
transitory NH 0 -terminal hydrophobic sequence , which is usually 
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cleaved during the membrane translocation process. The 
classical function of a signal sequence is to direct _ the 
nascent polypeptide chain to membrane bound ribosomes, thereby 
leading to membrane translocation and subsequent processing and 
5 targeting steps. Since the signal sequence is typically 

removed in the translocation process, the signal sequence is 
absent in a mature polypeptide. However, other features of the 
amino proximal sequence of the mature protein may also be 
important for expression or correct localization or targeting 
|JLO of receptor fragments. 

y The putative boundaries of the different regions of 

fil the receptors are indicated in Table 1, derived, in part, by 
M homology to the mouse PDGF receptor. In particular, a 

ass: 

% hydrophobic segment has been identified and designated a 
Q 5 transmembrane segment, due to its structural homology and 
physical properties characteristic of a membrane spanning 
ry segment. The segment divides the protein into an extracellular 
^ region and an intracellular region. The intracellular region 
h s has homology to various other receptors believed to exhibit 
h*0 tyrosine kinase activity, though this receptor has an insert 
region, as indicated, which is embedded within the region of 
high homology to other tyrosine kinase segments. 




TABLE 1 

approximate segment boundaries 



Type B 



Type A 



leu (1) - lys (499) 



gin (1) - glu (501) 



val (500) - trp (524) 



leu (502) - trp (526) 



arg (572) - his (662) 



leu (572) - his (664) 



arg (663) - leu (766) 



lys (665) - leu (767) 



ser (767) - phe (919) 



thr (768) - phe (920) 



The intracellular region of the receptor contains a 
tyrosine kinase activity. PDGF- receptors have a characteristic 
split tyrosine kinase domain, with an insert segment of about 
103 or 104 amino acids. This insert segment has regulatory and 
other properties which are described in greater detail below. 

The present invention provides isolated nucleic acids 
and polypeptides relating to PDGF receptors. An isolated 
molecule is one which is substantially separated from 
substances which naturally accompany the molecule when found in 
its natural form. For example, an isolated polypeptide is one 
which is substantially purified away from naturally 
accompanying human cell components, e.g., human nucleic acids, 
lipids, and other proteins. Of particular interest are 
contiguous segments of polypeptide which might be separated by 
genetic recombination or deletion techniques. Thus, an 
expression product of an isolated and manipulated genetic 
sequence is an isolated polypeptide, as used herein, even if 
expressed in a homologous cell type. Synthetically made forms 
or molecules expressed by heterologous cells are inherently 
isolated molecules. 

Physiologically, the receptor is responsible for 
initiating a number of metabolic changes in, e.g. , 
phosphatidylinositol levels, pH, calcium ion levels, 
cytoskeletal structure, gene expression, cAMP levels, and 
ligand receptor levels. Many of these metabolic changes are 
characteristic of a mitogenic, e.g., ligand induced, response. 

The type A and type B PDGF receptor forms, when 
combined in the various dimer combinations into functional 
receptor complexes, also have characteristic binding affinities 
for the various forms of PDGF 1 s , e.g., for the AA, AB and BB 
forms. For example, a type B isoform receptor binds the BB 
isoform PDGF at high affinity, the AB heteroform PDGF with 
lower affinity, and the AA isoform PDGF at low or no affinity. 
The type A isoform receptor binds to the AA isoform PDGF with 
high affinity, and with the AB heterodimer and BB isoform 
PDGF's with lower affinity. 

The term "ligand" refers to molecules, usually 
members of the platelet-derived growth factor family, that bind 
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the segments involved in the growth factor binding. Also, a 
ligand is a molecule which serves either as a natural ligand to 
which the receptor, or an analogue of the receptor, binds, or a 
functional analogue of a natural ligand. The functional 
analogue may be a ligand with structural modifications, or may 
be a wholly unrelated molecule which has a molecular shape 
which interacts with the appropriate ligand binding 
determinants. The ligands may serve as agonists or 
antagonists, see, e.g., Goodman et al. (eds) (1990) Goodman & 
Gilman's: The Pharmacological Bases of Therapeutics (8th ed) , 
Pergamon Press . 

II. Polypeptides 

The PDGF receptor is believed to be a dimer_of 
similar polypeptides and the component polypeptides determine 
the dimerized receptor binding affinity for ligand. 

The AA homodimer PDGF ligand is preferentially bound 
with high affinity by one form of the hPDGF receptor, and this 
form is correlated with a polypeptide chain referred to as the 
A receptor, the a receptor, and, as used herein, the type A 
receptor polypeptide (A-hPDGF-R) . The receptor dimer is 
apparently a homodimer of the type A receptor polypeptides. 

The BB homodimer PDGF ligand is preferentially bound 
with high affinity by two forms of the hPDGF-receptor . These 
forms are correlated with a second polypeptide chain referred 
to as the B receptor, the /9 receptor, and, as used herein, the 
type B receptor polypeptide (B-hPDGFHR) . These two receptor 
dimer forms are apparently the homodimer of the B receptor 
polypeptides and the heterodimer type B/type A form. 

The designations type A and type B polypeptides are 
each intended to also cover all alleles of each respective 
isoform. Thus, naturally occurring variants of each are 
embraced by the invention, as are other variants, analogues, 
and modified sequences. 

The nucleotide sequence of a cDNA sequence encoding 
one B-hPDGF-R allele is set forth in Table 2 together with the 
deduced amino acid sequence of the receptor precursor. The 
following descriptions indicate presumed gross structural and 
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functional characterizations based upon analogy to the mouse 
and other growth factor receptors and proteins. 

The sequence beginning at the amino acid numbered 1 
corresponds to the putative amino terminus of a mature form of 
5 a human PDGF-R. The first 32 amino acids (designated -32 to 
-1) encode the putative signal peptide sequence. The putative 
transmembrane sequence corresponds to amino acid residues 
val(500) to trp(524). Potential N-glycosylation sites are at 
positions corresponding to amino acids asn(13) - ser(15) ; 
10 asn(57) - thr(50); asn(71) - ser(73) ; asn(183) - ser(185) ; 
Uj asn(198) - thr(200) ; asn(260) - thr(262) ; asn(275) - thr(277) ; 
O asn(322) - thr(324) ; asn(339) - ser(341); asn(436) - ser(438) ; 

and asn(447) - thr(449) . The putative tyrosine kinase domain 
jf: is interrupted by an amino acid insertion between about 
Els arg(663) and leu(766) , see Table 1. The putative 
J" polyadenylation site is at the 3 1 end of the given cDNA 
H 5 sequence . 
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TABLE 2 

Sequence of one type B human PDGF 
receptor polypeptide allele and protein 



TGTTCTCCTGAGCCTTCAGGAGCCTGCACCAGTCCTGCCTGTCCTTCTACTC 52 

AG CTGTTACCCACTCTGGGACCAGCAGTCTTTCTGAT AACTGGG AGAGGGCAGTAAGG AGGACTTCC 119 

TGGAGGGGGTGACTGTCCAGAGCCTGGAACTGTGCCCACACCAGAAGCCATCAGCAGCAAGGACACC 18 6 

ATG CGG CTT CCG GGT GCG ATG CCA GCT CTG GCC CTC AAA GGC GAG CTG CTG 237 

Met Arg Leu Pro Gly Ala Met Pro Ala Leu Ala Leu Lys Gly Glu Leu Leu -15 

MFTG CTG TCT CTC CTG TTA CTT CTG GAA CCA CAG ATC TCT CAG GGC CTG GTC 288 

QLeu Leu Ser Leu Leu Leu Leu Leu Glu Pro Gin lie Ser Gin Gly Leu Val 2 

flGTC ACA CCC CCG GGG CCA GAG CTT GTC CTC AAT GTC TCC AGC ACC TTC GTT 339 

N$Tal Thr Pro Pro Gly Pro Glu Leu Val Leu Asn Val Ser Ser Thr Phe Val 19 

rpTG ACC TGC TCG GGT TCA GCT CCG GTG GTG TGG GAA CGG ATG TCC CAG GAG 390 

£Leu Thr Cys Ser Gly Ser Ala Pro Val Val Trp Glu Arg Met Ser Gin Glu 3 6 

^ UPCC CCA CAG GAA ATG GCC AAG GCC CAG GAT GGC ACC TTC TCC AGC GTG CTC 441 

ryPro Pro Gin Glu Met Ala Lys Ala Gin Asp Gly Thr Phe Ser Ser Val Leu 53 

JJ&CA CTG ACC AAC CTC ACT GGG CTA GAC ACG GGA GAA TAC TTT TGC ACC CAC 492 

p^Thr Leu Thr Asn Leu Thr Gly Leu Asp Thr Gly Glu Tyr Phe Cys Thr His 70 

""AAT GAC TCC CGT GGA CTG GAG ACC GAT GAG CGG AAA CGG CTC TAC ATC TTT 543 

Asn Asp Ser Arg Gly Leu Glu Thr Asp Glu Arg Lys Arg Leu Tyr lie Phe 87 

GTG CCA GAT CCC ACC GTG GGC TTC CTC CCT AAT GAT GCC GAG GAA CTA TTC 594 

Val Pro Asp Pro Thr Val Gly Phe Leu Pro Asn Asp Ala Glu Glu Leu Phe 104 

ATC TTT CTC ACG GAA ATA ACT GAG ATC ACC ATT CCA TGC CGA GTA ACA GAC 645 

He Phe Leu Thr Glu lie Thr Glu lie Thr lie Pro Cys Arg Val Thr Asp 121 

CCA CAG CTG GTG GTG ACA CTG CAC GAG AAG AAA GGG GAC GTT GCA CTG CCT 696 

Pro Gin Leu Val Val Thr Leu His Glu Lys Lys Gly Asp Val Ala Leu Pro 138 

* 

GTC CCC TAT GAT CAC CAA CGT GGC TTT TCT GGT ATC TTT GAG GAC AGA AGC 747 

Val Pro Tyr Asp His Gin Arg Gly Phe Ser Gly lie Phe Glu Asp Arg Ser 155 

TAC ATC TGC AAA ACC ACC ATT GGG GAC AGG GAG GTG GAT TCT GAT GCC TAC 798 

Tyr lie Cys Lys Thr Thr lie Gly Asp Arg Glu Val Asp Ser Asp Ala Tyr 172 

TAT GTC TAC AGA CTC CAG GTG TCA TCC ATC AAC GTC TCT GTG AAC GCA GTG 849 

Tyr Val Tyr Arg Leu Gin Val Ser Ser lie Asn Val Ser Val Asn Ala Val 189 

CAG ACT GTG GTC CGC CAG GGT GAG AAC ATC ACC CTC ATG TGC ATT GTG ATC 900 

Gin Thr Val Val Arg Gin Gly Glu Asn lie Thr Leu Met Cys lie Val lie 206 

GGG AAT GAT GTG GTC AAC TTC GAG TGG ACA TAC CCC CGC AAA GAA AGT GGG 951 

Gly Asn Asp Val Val Asn Phe Glu Trp Thr Tyr Pro Arg Lys Glu Ser Gly 223 
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CGG 
ai g 


CTG 


GTG 

Val 


GAG 

blU 


CCG 

~0 -y r-\ 


GTG 

VQl 


ACT 

X ill 


GAC 

A en 

AO )J 


TTC 


CGC 

Arg 


TCC 

C /-v V 


ATC 

lie 


CTG 
ijeu 


CAC 
nis 


ATC 

lie 


CCC 

Dro 
riU 


AGT 

O ti J_ 


GCC 

Ala 


ACC 
i nx 


TGC 
uys 


.AAiT 
Asn 


GTG 
vai 


ACG 
x hi 


GAG 

ulU 


AGT 

C ^ 
Del 


GTG 

V a.1 


AAT 


AAC 


ATC 

He 


ACC 

Tnr 


GTG 

Val 


GTT 

vai 


GAG 
GlU 


AGC 

ber 


GGC 

vjiy 


TAC 

Tyr 


T? le« r ■w» 


CTA 
Lieu 


CAA 
Gin 


TTT 

Jrue 


GCT 
Aia 


GAG 


CTG 

Leu 


CAT 

alS 


CGG 
Arg 


G~lu 


GCC 

Ala 


TAC 

Tyr 


CCA 

Pro 


CCG 

Pro 


CCC 

Pro 


ACT 
Thr 


GTC 

Val 


CTG 
Leu 


GGC 


GAC 
Asp 


TCC 
Ser 


AGC 
Ser 


GCT 
Ala 


GGC 
Gly 


GAA 
Glu 


ATC 
He 


GCC 
Ala 


it€C 


CGG 
Arg 


TAT 

iyr 


GTG 
v ai 


TCA 
oer 


GAG 

bill 


CTG 
jjeu 


ACA 
i nr 


CTG 
jjeu 


die 

Gly 


CAC 
rilS 


TAC 
Tyr 


ACC 

III V* 

mr 


ATG 
Met 


CGG 
Arg 


GCC 
Aia 


TTC 
riie 


CAT 
nlS 


TTC 

rile 


CAG 
(a in 


CTA 
j_>eu 


CAG 

Vain 


ATC 
lie 


AAT 
Asn 


GTC 
v ai 


CCT 

"P) -w« 

rlO 


GTC 
vai 


CAC 

Hi c 

riis 


CCT 

"D "v r> 


GAC 

ASp 


AGT 

O ^ y 


GGG 

vjly 


GAA 

ulU 


CAG 

fin 


ACA 

1X11 


GTC 

Val 


CAG 
Gin 


CCG 

Pro 


AAC 

Asn 


ATC 
He 


ATC 
He 


TGG 

Trp 


TCT 

Ser 


GCC 

Ala 


TGC 
Cys 


GAG 
Glu 


CTG 
Leu 


CCG 

Pro 


CCC 
Pro 


ACG 
Thr 


CTG 
Leu 


CTG 
Leu 


GGG 
Gly 


AAC 
Asn 


GAG 
Glu 


ACT 
Thr 


AAC 
Asn 


GTG 
Val 


ACG 
Thr 


TAC 
Tyr 


TGG 
Trp 


GAG 
Glu 


GAG 
Glu 


ACA 
Thr 


CTG 
Leu 


CGT 
Arg 


CTG 
Leu 


CAG 
Gin 


CAC 
His 


GTG 
Val 


GAT 
Asp 


CGG 
Arg 


CGC 

Arg 


AAC 
Asn 


GCT 
Ala 


GTG 
Val 


GGC 

Gly 


CAG 
Gin 


GAC 
Asp 


ACG 
Thr 


CAG 
Gin 



B 



CTC 


TTG 


GAT 

ASD 


ATG 
Met 


CCT 
Pro 


TAC 
Tvr 


CAC 
His 


ATC 

He 
-k. u> w 


1002 
240 


GAG 
Glu 


TTA 
Leu 


GAA 
GlU 


GAC 
Asd 


TCG 

Ser 


GGG 
GlV 


ACC 
Thr* 


TAC 
Tvr 


1053 
257 


GAC 


CAT 

Hi c 
n jl o 


CAG 
rii n 

vJ JL 1 1 


GAT 

A en 


GAA 


AAG 


GCC 
AT ^ 

AJL CI 


ATC 

Tie 
lie 


1104 


GTG 

Val 


CGG 
Arg 


CTC 

T on 


CTG 


GGA 

VjX J 


GAG 

JL Li 


GTG 

Val 


GGC 


1155 

9 Q 1 

^ j 1 


AGC 
oer 


CGG 
Arg 


ACA 

X HI 


CTG 

T i 
1j6U 


CAG 
v7in 


GTA 

Val 


GTG 

Veil 


TTC 
Jrne 


1206 


TGG 

Trp 


TTC 

pne 


AAA 

Lys 


GAC 

ASp 


AAC 
Asn 


CGC 

Arg 


ACC 

mr 


CTG 

lieu 


1257 

IOC 


CTG 

LcU 


TCC 

O "K" 


ACG 

±IIJL 


CGC 

r-i .L y 


AAC 

A c; t\ 


GTG 

v a. JL 


TCG 


GAG 

vj JL Li 


1308 

O *i ^ 


GTT 

V CX JL 


CGC 
A T*rr 


GTG 
Val 


AAG 

LVS 

•*—'Y *~ > 


GTG 
Val 


GCA 
Ala 


GAG 
Glu 


GCT 
Ala 


1359 
359 

■~J -m^ S 


GAG 

vjrlU 


GAT 

ASp 


GCT 

Al ^ 
a1 d 


GAG 


GTC 

vox 


CAG 

uXll 


CTC 

XjfciVl 


TCC 

O ^ "v* 
OCX 


1410 

-J / VJ 


CGA 

Arg 


GTG 

T7-3 "1 

v dl 


CTG 

JbcU 


GAG 


CTA 

T .01 1 

XtC U. 


AGT 

Cpv* 
OCX 


GAG 

vJl UL 


AGC 

O tl X 


1461 

•JOT 
J -7 J 


CGC 

A Y~ t T 

nJL y 


TGT 


CGT 

A T*rr 


GGC 


CGG 


GGC 

Gl v 


ATG 


CCG 


1512 
4*1 n 

*t Xv 


AGA 

Arg 


GAC 
Asp 


CTC 
Leu 


AAA 
Lys 


AGG 

Arg 


TGT 

Cys 


CCA 

Pro 


CGT 

Arg 


1563 
427 


AGT 

Ser 


TCC 
Ser 


GAA 
Glu 


GAG 
Glu 


GAG 
Glu 


AGC 

Ser 


CAG 

Gin 


CTG 
Leu 


1614 
444 


GAG 
Glu 


CAG 
Gin 


GAG 
Glu 


TTT 
Phe 


GAG 
Glu 


GTG 
Val 


GTG 
Val 


AGC 
Ser 


1665 
461 


CCA 
Pro 


CTG 
Leu 


TCG 
Ser 


GTG 
Val 


CGC 
Arg 


TGC 
Cys 


ACG 
Thr 


CTG 
Leu 


1716 
478 


GAG 
Glu 


GTC 
Val 


ATC 
He 


GTG 
Val 


GTG 
Val 


CCA 

Pro 


CAC 
His 


TCC 
Ser 


1767 
495 



TTG CCC 
Leu Pro 



TTT AAG GTG GTG GTG ATC TCA GCC ATC CTG 
Phe Lys Val Val Val He Ser Ala He Leu 



GCC 
Ala 



CTG GTG GTG CTC 1818 
Leu Val Val Leu 512 



# 




- 9C 
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ACC 
Thr 


ATC 
He 


ATC 
He 


TCC 
Ser 


CTT 
Leu 


ATC 
He 


TAC 
Tyr 


GAG 
Glu 


ATC 
He 


CGA 
Arg 


TGG 
Trp 


AAG 
Lys 


TAC 
Tyr 


ATC 
He 


TAC 
Tyr 


GTG 
Val 


GAC 
Asp 


ccc 

Pro 


firo 


CGG 

Arg 


GAC 
Asp 


CAG 

Gin 


CTT 
Leu 


GTG 

Val 


Bag 

(Sin 


GTG 
Val 


GTG 
Val 


GAG 
Glu 


GCC 
Ala 


ACA 
Thr 


Eys 


GTG 
Val 


GCC 
Ala 


GTC 
Val 


AAG 

Lys 


ATG 

Met 


2 

P^c 


CTT 
Leu 


ATG 

Met 


TCG 
Ser 


GAG 
Glu 


CTG 

Leu 


5tg 

— •' 

S^l 


GTC 
Val 


AAC 
Asn 


CTG 
Leu 


TTG 

Leu 


GGG 

Gly 


Wot 

Thr 


GAG 
Glu 


TAC 
Tyr 


TGC 
Cys 


CGC 
Arg 


TAC 
Tyr 


CAC 
His 


ACC 
Thr 


TTC 
Phe 


CTG 
Leu 


CAG 
Gin 


CAC 
His 


CTC 
Leu 


TAC 
Tyr 


AGC 
Ser 


AAT 
Asn 


GCT 
Ala 


CTG 
Leu 


TTG 
Leu 


ACC 
Thr 


GGG 
Gly 


GAG 
Glu 


AGC 
Ser 


GAC 
Asp 


GTG 
Val 


GAC 
Asp 


TAT 
Tyr 


GTG 
Val 


ccc 
Pro 


ATG 
Met 


ATC 
He 


GAG 
Glu 


TCC 
Ser 


TCC 
Ser 


AAC 
Asn 


TAC 
Tyr 


CCT 
Pro 


GAG 
Glu 


AGG 

Arg 


ACC 
Thr 


TGC 
Cys 


CGA 

Arg 


TAC 
Tyr 


ATG 

Met 


GAC 
Asp 


CTC 
Leu 


GTG 
Val 


GGC 
Gly 


CTG 
Leu 


GCC 
Ala 


TCC 
Ser 


AAG 
Lys 


AAC 
Asn 


TGC 
Cys 



ATC CTC ATC ATG CTT TGG 
He Leu He Met Leu Trp 

GTG ATT GAG TCT GTG AGC 

Val He Glu Ser Val Ser 

ATG CAG CTG CCC TAT GAC 
Met Gin Leu Pro Tyr Asp 

CTG GGA CGC ACC CTC GGC 

Leu Gly Arg Thr Leu Gly 

GCT CAT GGT CTG AGC CAT 
Ala His Gly Leu Ser His 

CTT AAA TCC ACA GCC CGC 
Leu Lys Ser Thr Ala Arg 

AAG ATC ATG AGT CAC CTT 

Lys He Met Ser His Leu 
GCC TGC ACC AAA GGA GGA 

Ala Cys Thr Lys Gly Gly 

GGA GAC CTG GTG GAC TAC 
Gly Asp Leu Val Asp Tyr 

CAC TCC GAC AAG CGC CGC 
His Ser Asp Lys Arg Arg 

CCC GTT GGG CTC CCC CTG 
Pro Val Gly Leu Pro Leu 

GGT GGC TAC ATG GAC ATG 
Gly Gly Tyr Met Asp Met 

CTG GAC ATG AAA GGA GAC 
Leu Asp Met Lys Gly Asp 

ATG GCC CCT TAC GAT AAC 
Met Ala Pro Tyr Asp Asn 

GCA ACT TTG ATC AAC GAG 

Ala Thr Leu He Asn Glu 
TTC AGC TAC CAG GTG GCC 

Phe Ser Tyr Gin Val Ala 

GTC CAC AGA GAC CTG GCG 
Val His Arg Asp Leu Ala 



CAG AAG AAG CCA CGT 1869 
Gin Lys Lys Pro Arg 529 

TCT GAC GGC CAT GAG 1920 
Ser Asp Gly His Glu 546 

TCC ACG TGG GAG CTG 1971 
Ser Thr Trp Glu Leu 563 

TCT GGG GCC TTT GGG 2022 

Ser Gly Ala Phe Gly 580 

TCT CAG GCC ACG ATG 2073 
Ser Gin Ala Thr Met 597 

AGC AGT GAG— AAG CAA 2124 ■ 
Ser Ser Glu Lys Gin 614 

GGG CCC CAC CTG AAC 2175 

Gly Pro His Leu Asn 631 
CCC ATC TAT ATC ATC 2226 

Pro He Tyr He He 648 

CTG CAC CGC AAC AAA 2277 
Leu His Arg Asn Lys 665 

CCG CCC AGC GCG GAG 2328 
Pro Pro Ser Ala Glu 682 

CCC AGC CAT GTG TCC 2379 
Pro Ser His Val Ser 699 

AGC AAG GAC GAG TCG 2430 

Ser Lys Asp Glu Ser 716 

GTC AAA TAT GCA GAC 2481 
Val Lys Tyr Ala Asp 733 

TAC GTT CCC TCT GCC 2532 
Tyr Val Pro Ser Ala 750 

TCT CCA GTG CTA AGC 2583 

Ser Pro Val Leu Ser 7 67 
AAT GGC ATG GAG TTT 263 4 

Asn Gly Met Glu Phe 7 84 

GCT AGG AAC GTG CTC 268 5 
Ala Arg Asn Val Leu 8 01 
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ATC 
lie 


TGT 
Cys 


GAA 
Glu 


GGC 
Gly 


AAG 
Lys 


CTG 
Leu 


GTC 
Val 


AAG 
Lys 


ATC 
He 


ATC 
He 


ATG 
Met 


CGG 

Arg 


GAC 
Asp 


TCG 

Ser 


AAT 
Asn 


TAC 
Tyr 


ATC 
He 


TCC 
Ser 


AAG 
Lys 


TGG 
Trp 


ATG 
Met 


GCT 
Ala 


CCG 
Pro 


GAG 
Glu 


AGC 
Ser 


ATC 
He 


TTC 
Phe 


lJSAC 


GTG 
Val 


TGG 

Trp 


TCC 
Ser 


TTC 
Phe 


GGG 
Gly 


ATC 
He 


CTG 
Leu 


CTC 
Leu 


Sice 

SjThr 

Mil 


CCT 
Pro 


TAC 
Tyr 


CCA 
Pro 


GAG 
Glu 


CTG 
Leu 


CCC 
Pro 


ATG 

Met 


AAC 
Asn 




GGT 
Gly 


TAC 
Tyr 


CGC 
Arg 


ATG 
Met 


GCC 
Ala 


CAG 
Gin 


CCT 
Pro 


GCC 
Ala 


f ATC 
Htle 


ATG 
Met 


CAG 
Gin 


AAG 
Lys 


TGC 
Cys 


TGG 

Trp 


GAA 
Glu 


GAG 
Glu 


AAG 
Lys 


HfcAG 
mS 1 n 


CTG 
Leu 


GTG 
Val 


CTG 
Leu 


CTT 
Leu 


CTC 
Leu 


GAG 
Glu 


AGA 

Arg 


CTG 
Leu 


Tyr 


CAG 
Gin 


CAG 
Gin 


GTG 
Val 


GAT 
Asp 


GAG 
Glu 


GAG 
Glu 


TTT 
Phe 


CTG 
Leu 


CGG 
Arg 


TCC 
Ser 


CAG 

Gin 


GCC 
Ala 


CGC 

Arg 


TTG 

Leu 


CCT 
Pro 


GGG 
Gly 


TTC 
Phe 


ACC 
Thr 


AGC 
Ser 


TCC 
Ser 


GTC 
Val 


CTC 
Leu 


TAT 
Tyr 


ACT 
Thr 


GCC 
Ala 


GTG 
Val 


TAT 
Tyr 


ATC 
He 


ATC 
He 


CCC 

Pro 


CTG 
Leu 


CCT 

Pro 


GAP 

Asp 


Pro 


AAA 

Lys 


CTG 
Leu 


GAG 
Glu 


GGT 
Gly 


TCC 

Ser 


CCC 

Pro 


AGC 

Ser 


CTA 
Leu 


GCC 
Ala 


AGC 

Ser 


TCC 
Ser 


TCA 
Ser 


ACC 
Thr 


ATC 
He 


TCC 
Ser 


TGT 
Cys 


GAC 
Asp 


AGC 
Ser 


CCC 

Pro 


CCA 
Pro 


GAG 
Glu 


ccc 

Pro 


CAG 
Gin 


CTT 
Leu 


GAG 
Glu 


CTC 
Leu 


CAG 
Gin 


GTG 
Val 


TTG 
Leu 


CCG 

Pro 


GAT 
Asp 


TCG 
Ser 


GGG 
Gly 


TGC 

Cys 


CCT 

Pro 


GCG 
Ala 


CCT 

Pro 




3D 



TGT GAC TTT GGC CTG GCT CGA GAC 2736 
Cys Asp Phe Gly Leu Ala Arg Asp 818 

AAA GGC AGC ACC TTT TTG CCT TTA 2787 

Lys Gly Ser Thr Phe Leu Pro Leu 835 

AAC AGC CTC TAC ACC ACC CTG AGC 2838 
Asn Ser Leu Tyr Thr Thr Leu Ser 852 

TGG GAG ATC TTC ACC TTG GGT GGC 2889 
Trp Glu He Phe Thr Leu Gly Gly 869 

GAG CAG TTC TAC AAT GCC ATC AAA 2940 

Glu Gin Phe Tyr Asn Ala He Lys 886 

CAT GCC TCC GAC GAG ATC TAT GAG 2991 
His Ala Ser Asp Glu He Tyr Glu 903 

TTT GAG ATT CGG CCC CCC TTC TCC 3 042 
Phe Glu He Arg Pro Pro Phe Ser 92 0 

TTG GGC GAA GGT TAC AAA AAG AAG 3093 

Leu Gly Glu Gly Tyr Lys Lys Lys 937 

AGG AGT GAC CAC CCA GCC ATC CTT 3144 
Arg Ser Asp His Pro Ala He Leu 954 

CAT GGC CTC CGA TCT CCC CTG GAC 3195 

His Gly Leu Arg Ser Pro Leu Asp 971 

CAG CCC AAT GAG GGT GAC AAC GAC 3246 
Gin Pro Asn Glu Gly Asp Asn Asp 989 

CCT GAG GTT GCT GAC GAG GGC CCA 3297 
Pro Glu Val Ala Asp Glu Gly Pro 1005 

TCC ACC CTG AAT GAA GTC AAC ACC 3348 

Ser Thr Leu Asn Glu Val Asn Thr 1022 

CTG GAG CCC CAG GAC GAA CCA GAG 3399 
Leu Glu Pro Gin Asp Glu Pro Glu 1039 

GAG CCG GAG CCG GAG CTG GAA CAG 3450 
Glu Pro Glu Pro Glu Leu Glu Gin 1056 

CGG GCG GAA GCA GAG GAT AGC TTC 3501 

Arg Ala Glu Ala Glu Asp Ser Phe 1073 



CTG TAGGGGGCTGGCCCCTACCCTGCCCTGCCTGAAGCTCCCCCGCTGCCAGCACCCAGCATCTCC 3 567 
Leu 1074 
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TGGCCTGGCCTGGCCGGGCTTCCTGTCAGCCAGGCTGCCCTTATCAGCTGTCCCCTTCTGGAAGCTT 3634 
TCTGCTCCTGACGTGTTGTGCCCCAAACCCTGGGGCTGGCTTAGGAGGCAAGAAAACTGCAGGGGCC 3701 
GTGACCAGCCCTCTGCCTCCAGGGAGGCCAACTGACTCTGAGCCAGGGTTCCCCCAGGGAACTCAGT 3768 
TTT C CCATATGTAAGATGGGAAAGTTAGGCTTGATGACCCAGAATCTAGGATTCTCTCCCTGGCTGA 3835 
CAGGTGGGGAGACCGAATCCCTCCCTGGGAAGATTCTTGGAGTTACTGAGGTGGTAAATTAACITTT 3902 
TTCTGTTCAGCCAGCTACCCCTCAAGGAATCATAGCTCTCTCCTCGCACTTTTATCCACCCAGGAGC 3969 
TAGGGAAGAGACCCTAGCCTCCCTGGCTGCTGGCTGAGCTAGGGCCTAGCCTTGAGCAGTGTTGCCT 4036 
CATCCAGAAGAAAGCCAGTCTCCTCCCTATGATGCCAGTCCCTGCGTTCCCTGGCCCGAGCTGGTCT 4103 
GGGGCCATTAGGCAGCCTAATTAATGCTGGAGGCTGAGCCAAGTACAGGACACCCCCAGCCTGCAGC 4170 
CCTTGCCCAGGGCACTTGGAGCACACGCAGCCATAGCAAGTGCCTGTGTCCCTGTCCTTCAGGCCCA 4237 
TCAGTCCTGGGGCTTTTTCTTTATCACCCTCAGTCTTAATCCATCCACCAGAGTCTAGAAGGCCAGA 4304 
$f GGCCCCGCATCTGTGATGAGAATGTAAATGTGCCAGTGTGGAGTGGCCACGTGTGTGTGCCAGAT 4371 
ItGGCCCTGGCTCTGCATTGGACCTGCTATGAGGCTTTGGAGGAATCCCTCACCCTCTCTGGGCCTC 4438 
ftTTTCCCCTTCAAAAAATGAATAAGTCGGACT 

&AGAGTATCCAGGTGGTTGCACATTTGTCCAGATGAAGCAAGGCCATATACCCTAAACTTCCATCC 4572 
T^GGGGTCAGCTGGGCTCCTGGGAGATTCCAGAT^^ 

©CCTTCCCCAGGCCCCCAGCAAGTCTCAAGAACACAGCTGCACAGGCCTTGACTTAGAGTGACAGC 4706 
^GTGTCCTGGAAAGCCCCCAGCAGCTGCCCCAGGGACATGGGAAGACCACGGGACCTCTTTCACTA 4773 
#€CACGATGACCTCCGGGGGTATCCTGGGCAAAAGGGACAAAGAGGGCAAATGAGATCACCTCCTGC 4840 
AGCCCACCACTCCAGCACCTGTGCCGAGGTCTGCGTCGAAGACAGAATGGACAGTGAGGACAGTTAT 4907 
(|$CTTGTAAAAGACAAGAAGCTTCAGATGGGTACCCCAAGAAGGATGTGAGAGGTGGGCGCTTTGGA 4974 
SiTTTGCCCCTCACCCACCAGCTGCCCCATCCCTGAGGCAGCGCTCCATGGGGGTATGGTTTTGTCA 5041 
(&TGCCCAGACCTAGCAGTGACATCTCATTGTCCCCAGCCCAGTGGGCATTGGAGGTGCCAGGGGAGT 5108 
CdAGGGTTGTAGCCAAGACGCCCCCGCACGGGGAGGGTTGGGAAGGGGGTGCAGGAAGCTCAACCCCT 5 17 5 
CIGGGCACCAACCCTGCATTGCAGGTTGGCACCTTACTTCCCTGGGATCCCAGAGTTGGTCCAAGGA 5242 
(pGGAGAGTGGGTTCTCAATACGGTACCAAAGATATAATCACCTAGGTTTACAAATATTTTTAGGACT 5309 
CACGTTAACTCACATTTATACAGCAGAAATGCTATTTTGTATGCTGTTAAGTTTTTCTATCTGTGTA 5376 
CTTTTTTTTAAGGGAAAGATTTTAATATTAAACCTGGTGCTTCTCACTCAC 5427 



The nucleotide sequence of a cDNA sequence encoding one 
allele of a type A hPDGF-R is set forth in Table 3, together 
with the deduced amino acid sequence of the receptor. The 
structural features, as described, are again based upon analogy 
to the mouse PDGF receptors and other growth factor receptors 
and proteins. 

The sequence beginning at the amino acid numbered 1 
corresponds to the putative amino terminus of a mature form of 
a human PDGF— R. The first 2 3 amino acids (designated -23 to 
-1) encode the putative signal peptide sequence. The putative 
transmembrane sequence corresponds to amino acid residues 
leu(502) to trp(526). Potential N-glycosylation sites are at 
positions corresponding to amino acids asn(19) - ser(21) ; 
asn(53) - ser(55) ; asn(80) - thr(82) ; asn(156) - thr(X58) ; 
asn(330) - thr(332) ; asn(336) - thr(338) ; asn(435) - thr(437) ; 
and asn(445) - ser(447) . The putative tyrosine kinase domain 
is interrupted by an amino acid insertion between about 
lys(665) and leu(767), see Table 1. 
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Sequence of a human type A 
PDGF receptor polypeptide allele and protein 



TTGGAGCTACAGGGAGAGAAACAGAGGAGGAGACTGCAAGAGATCATTGGAGGCCGTGGGC 61 
ACGCTCTTTACTCCATGTGTGGGACATTCATTGCGGAATAACATCGGAGGAGAAGTTTCCCAGAGCT 128 



ATG 
Met 


GGG 
Gl v 


ACT 

nil. 


TCC 

O CI 


CAT 

Hi c; 


CCG 

XT 1 W 


GCG 

jti-L a. 


TTC 


CTG 
T .^n 


GTC 

V Ul 


TTA 
T^U 


GGC 
GlV 


TGT 
Cvs 


CTT 
Leu 


CTC 
Leu 


ACA 

Thr 


GGG 
Gl v 


179 
-7 


CTG 

T an 
JbcU 


AGC 


CTA 
Leu 


ATC 
xxe 


CTC 

X i i 

Leu 


TGC 
tys 


CAG 
bin 


CTT 
Leu 


TCA 

C d 
bei 


TTA 

T Q1 1 

Leu 


ccc 

riu 


TCT 

Del 


ATC 

lie 


CTT 


CCA 
Pro 


AAT 
Asn 


GAA 

ulU 


230 

XX 


AAT 

**** >-s 


GAA 

(aXU 


AAG 
j_tys 


GTT 
vax 


GTG 

vax 


CAG 

CaXn 


CTG 
Leu 


AAT 
Asn 


TCA 


TCC 
ber 


TTT 
jrne 


TCT 
ber 


CTG 

X All 

Leu 


AGA 
Arg 


TGC 
Cys 


TTT 
Phe 


GGG 

Gxy 


281 

Z o 




AGT 

O a "v» 


GAA 

/"'Tii 
CjIU 


GTG 
vax 


AGC 

^? "V"* 

bei 


TGG 

t*T1 -y« 

Trp 


CAG 
Cjin 


TAC 
Tyr 


CCC 
Jrro 


ATG 
net 


TCT 
ber 


GAA 

blU 


GAA 

bl U. 


GAG 

bl 11 


AGC 
Ser 


TCC 
Ser 


GAT 

ASp 


332 


dfG 

j 5 


GAA 

G1U 


ATC 

lie 


AGA 

Arg 


AAT 
Asn 


GAA 

GlU 


GAA 

GlU 


AAC 

Asn 


AAC 
Asn 


AGC 
ser 


GGC 

Gxy 


CTT 
Leu 


TTT 
riie 


GTG 

vax 


ACG -GTC 

Thr Val 


TTG 

Leu 


383 

62 


GAA 

br2.U 


GTG 
v ax 


AGC 

O "V" 

bei 


AGT 

O "v~ 


GCC 

Ala 


TCG 

-v 

ber 


GCG 

Aid 


GCC 

Ala 


CAC 
rilS 


ACA 
i nr 


GGG 
oxy 


TTG 
Leu 


TAC 
xyr 


ACT 

JL ill 


TGC 

Cys 


TAT 
Tyr 


TAC 
xyr 


434 

/ y 


AAC 

*f*Vfff 


CAC 

illS 


ACT 
inr 


CAG 

VjrXn 


ACA 

fTI V\ "V" 

xnr 


GAA 

blU 


GAG 

CjXU 


AAT 
Asn 


GAG 

blU 


CTT 

X A1 1 

Leu 


GAA 

blu 


GGC 
biy 


AGG 
Arg 


CAC 
nib 


ATT 
He 


TAC 

Tyr 


ATC 
xxe 


485 
y o 


TAT 
lyr 


GTG 
Val 


CCA 

riu 


GAC 

ASp 


CCA 

Jr i O 


GAT 


GTA 

Val 


GCC 

Ala 
Ala 


TTT 
Jrne 


GTA 

Val 


CCT 

riO 


CTA 

J_j fci LI 


GGA 
wiy 


ATG 

in t; w 


ACG 
Thr 


GAT 
Asp 


TAT 
xyr 


536 

11j 


TTA 
Leu 


GTC 
Val 


ATC 
lie 


GTG 
Val 


GAG 
Glu 


GAT 
Asp 


GAT 
Asp 


GAT 
Asp 


TCT 

Ser 


GCC 
Ala 


ATT 
He 


ATA 
He 


CCT 
Pro 


TGT 
Cys 


CGC 

Arg 


ACA 

Thr 


ACT 
Thr 


587 
130 


GAT 
Asp 


ccc 
Pro 


GAG 
GlU 


ACT 
Thr 


CCT 

Pro 


GTA 

Val 


ACC 

Thr 


TTA 

Leu 


CAC 

His 


AAC 

Asn 


AGT 

Ser 


GAG 
Glu 


GGG 

Gly 


GTG 

Val 


GTA 

Val 


CCT 

Pro 


GCC 

Ala 


638 
147 


TCC 
Ser 


TAC 
Tyr 


GAC 
Asp 


AGC 
Ser 


AGA 

Arg 


CAG 
Gin 


GGC 
Gly 


TTT 
Phe 


AAT 
Asn 


GGG 

Gly 


ACC 

Thr 


TTC 
Phe 


ACT 
Thr 


GTA 
Val 


GGG 
Gly 


CCC 

Pro 


TAT 
Tyr 


689 
164 


ATC 
He 


TGT 
Cys 


GAG 
Glu 


GCC 
Ala 


ACC 
Thr 


GTC 
Val 


AAA 

Lys 


GGA 
Gly 


AAG 
Lys 


AAG 
Lys 


TTC 
Phe 


CAG 
Gin 


ACC 
Thr 


ATC 
lie 


CCA 
Pro 


TTT 
Phe 


AAT 
Asn 


740 
181 


GTT 
Val 


TAT 

Tyr 


GCT 
Ala 


TTA 
Leu 


AAA 

Lys 


GCA 
Ala 


ACA 
Thr 


TCA 
Ser 


GAG 
GlU 


CTG 
Leu 


GAT 
Asp 


CTA 
Leu 


GAA 
Glu 


ATG 
Met 


GAA 
Glu 


GCT 
Ala 


CTT 
Leu 


791 
198 


AAA 
Lys 


ACC 
Thr 


GTG 
Val 


TAT 
Tyr 


AAG 
Lys 


TCA 
Ser 


GGG 
Gly 


GAA 
Glu 


ACG 
Thr 


ATT 
lie 


GTG 
Val 


GTC 
Val 


ACC 
Thr 


TGT 
Cys 


GCT 
Ala 


GTT 
Val 


TTT 
Phe 


842 
215 



AAC AAT GAG GTG GTT GAC CTT CAA TGG ACT TAC CCT GGA GAA GTG AAA GGC 
Asn Asn Glu Val Val Asp Leu Gin Trp Thr Tyr Pro Gly Glu Val Lys Gly 



893 
232 
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AAA 
Lys 


GGC 
Gly 


ATC 
lie 


ACA 
Thr 


ATG 
Met 


CTG 
Leu 


GAA 
Glu 


GAA 
Glu 


ATC 
He 


TAC 
Tyr 


ACT 
Thr 


TTG 
Leu 


ACG 
Thr 


GTC 
Val 


CCC 
Pro 


GAG 
GlU 


GCC 
Ala 


ACG 
Thr 


TGT 

Cys 


GCT 

-m- m 

Ala 


GCC 

Ala 


CGC 
Arg 


CAG 

Gin 


GCT 
Ala 


ACC 

Thr 


AGG 

Arg 


GAG 
GlU 


ATT 
OLe 


TCT 
Ser 


GTC 
Val 


CAT 
His 


GAG 
GlU 


AAA 
Lys 


GGT 
Gly 


TTC 
Phe 


ATT 
He 


fTG 


GAA 
Glu 


GCT 
Ala 


GTC 
Val 


AAC 
Asn 


CTG 
Leu 


CAT 
His 


GAA 
Glu 


GTC 
Val 


Sec 

Ala 


TAC 
Tyr 


CCA 
Pro 


CCT 

Pro 


CCC 
Pro 


AGG 
Arg 


ATA 
He 


TCC 
Ser 


TGG 
Trp 


g_AA 

Sflu 


AAT 

Asn 


CTC 
Leu 


ACT 
Thr 


GAG 
GlU 


ATC 
He 


ACC 
Thr 


ACT 
Thr 


GAT 
Asp 




CGA 
Arg 


AGC 
Ser 


AAA 
Lys 


TTA 
Leu 


AAG 

Lys 


CTG 
Leu 


ATC 
He 


CGT 
Arg 


tfAT 

Tyr 


ACT 
Thr 


ATT 
He 


GTA 
Val 


GCT 
Ala 


CAA 
Gin 


AAT 
Asn 


GAA 
GlU 


GAT 
Asp 


CTG 
Leu 


TTA 
Leu 


ACT 
Thr 


CAA 
Gin 


GTT 
Val 


CCT 
Pro 


TCA 
Ser 


TCC 

Ser 


ATT 
He 


GGC 
Gly 


TCA 
Ser 


ACT 
Thr 


GGG 
Gly 


GGA 
Gly 


CAG 
Gin 


ACG 

Thr 


GTG 
Val 


AGG 

Arg 


CCT 
Pro 


GAT 
Asp 


ATT 
He 


GAG 
Glu 


TGG 
Trp 


ATG 
Met 


ATA 
He 


TGC 
Cys 


AAA 
Lys 


ACT 

Thr 


TCC 

Ser 


TGG 

Trp 


APT 

AW X 

Thr 


ATT 

He 


TTfZ 

X X VJ 

Leu 


Ala 


A IP 

Asn 


AAT 
An X 

Asn 


CAC 
His 


TCC 
Ser 


CGA 
Arg 


GAC 
Asp 


AGG 
Arg 


AGT 
Ser 


ACC 
Thr 


GTG 
Val 


GAG 
Glu 


GAG 
Glu 


GAG 
GlU 


ACC 
Thr 


ATC 
He 


GCC 
Ala 


GTG 
Val 


CGA 

Arg 


TGC 
Cys 


CTG 
Leu 


AAC 
Asn 


CGA 
Arg 


GAG 
GlU 


CTG 
Leu 


AAG 
Lys 


CTG 
Leu 


GTG 
Val 


GCT 
Ala 


CCC 
Pro 


GCT 

Ala 


GCT 
Ala 


GCA 

Ala 


GTC 
Val 


CTG 
Leu 


GTG 
Val 


CTG 
Leu 


TTG 
Leu 


GTG 
Val 



AAA GTC CCA TCC ATC AAA TTG GTG 944 
Lys Val Pro Ser He Lys Leu Val 249 

GTG AAA GAC AGT GGA GAT TAC GAA 995 
Val Lys Asp Ser Gly Asp Tyr Glu 2 66 

GTC AAA GAA ATG AAG AAA GTC ACT 104 6 

Val Lys Glu Met Lys Lys Val Thr 283 

GAA ATC AAA CCC ACC TTC AGC CAG 1097 
Glu He Lys Pro Thr Phe Ser Gin 300 

AAA CAT TTT GTT GTA GAG GTG CGG 1148 
Lys His Phe Val Val Glu Val Ar<<j 317 

CTG AAA AAC AAT CTG ACT CTG ATT 1199 

Leu Lys Asn Asn Leu Thr Leu He 3 34 

GTG GAA AAG ATT CAG GAA ATA AGG 1250 

Val Glu Lys He Gin Glu He Arg 351 

GCT AAG GAA GAA GAC AGT GGC CAT 1301 
Ala Lys Glu Glu Asp Ser Gly His 368 

GCT GTG AAG AGC TAT ACT TTT GAA 1352 

Ala Val Lys Ser Tyr Thr Phe Glu 385 

CTG GAC TTG GTC GAT GAT CAC CAT 1403 
Leu Asp Leu Val Asp Asp His His 402 

TGC ACA GCT GAA GGC ACG CCG CTT 1454 

Cys Thr Ala Glu Gly Thr Pro Leu 419 

GAT ATT AAG AAA TGT AAT AAT GAA 1505 
Asp He Lys Lys Cys Asn Asn Glu 43 6 

GTC TCA AAC ATC ATC ACG GAG ATC 1556 
Val Ser Asn He He Thr Glu He 453 

GGC CGT GTG ACT TTC GCC AAA GTG 1607 
Gly Arg Val Thr Phe Ala Lys Val 47 0 

GCT AAG AAT CTC CTT GGA GCT GAG 1658 
Ala Lys Asn Leu Leu Gly Ala Glu 487 

ACC CTG CGT TCT GAA CTC ACG GTG 17 09 
Thr Leu Arg Ser Glu Leu Thr Val 504 

ATT GTG ATC ATC TCA CTT ATT GTC 17 6 0 

He Val He He Ser Leu He Val 521 
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CTG GTT GTC ATT TGG AAA CAG AAA CCG 
Leu Val Val lie Trp Lys Gin Lys Pro 

ATT GAA TCA ATC AGC CCA GAT GGA CAT 

lie Glu Ser lie Ser Pro Asp Gly His 

CAG CTG CCT TAT GAC TCA AGA TGG GAG 

Gin Leu Pro Tyr Asp Ser Arg Trp Glu 
HSGT CGG GTC TTG GGG TCT GGA GCG TTT 

tttly Arg Val Leu Gly Ser Gly Ala Phe 

«• 'I 

Stat gga tta agc cgg tcc caa cct gtc 

%Tyr Gly Leu Ser Arg Ser Gin Pro Val 

sss; 

?§kAA CCC ACG GCC AGA TCC AGT GAA AAA 

Hsys Pro Thr Ala Arg Ser Ser Glu Lys 

JIaTA ATG ACT CAC CTG GGG CCA CAT TTG 

Lfle Met Thr His Leu Gly Pro His Leu 

TfGC ACC AAG TCA GGC CCC ATT TAC ATC 
Jbpys Thr Lys Ser Gly Pro lie Tyr lie 

^5AT TTG GTC AAC TAT TTG CAT AAG AAT 
Asp Leu Val Asn Tyr Leu His Lys Asn 

CCA GAG AAG CCA AAG AAA GAG CTG GAT 
Pro Glu Lys Pro Lys Lys Glu Leu Asp 

GAA AGC ACA CGG AGC TAT GTT ATT TTA 

Glu Ser Thr Arg Ser Tyr Val lie Leu 

ATG GAC ATG AAG CAG GCT GAT ACT ACA 
Met Asp Met Lys Gin Ala Asp Thr Thr 

AAA GAG GTT TCT AAA TAT TCC GAC ATC 
Lys Glu Val Ser Lys Tyr Ser Asp lie 

GCC TCA TAT AAG AAG AAA TCT ATG TTA 
Ala Ser Tyr Lys Lys Lys Ser Met Leu 

TCA GAT GAT AAC TCA GAA GGC CTT ACT 

Ser Asp Asp Asn Ser Glu Gly Leu Thr 
TAT CAA GTT GCC CGA GGA ATG GAG TTT 

Tyr Gin Val Ala Arg Gly Met Glu Phe 

CGT GAT CTG GCT GCT CGC AAC GTT CTC 

Arg Asp Leu Ala Ala Arg Asn Val Leu 




AGG TAT GAA ATT CGC TGG AGG GTC 1811 
Arg Tyr Glu lie Arg Trp Arg Val 538 

GAA TAT ATT TAT GTG GAC CCG ATG 1862 

Glu Tyr lie Tyr Val Asp Pro Met 555 

TTT CCA AGA GAT GGA CTA GTG CTT 1913 

Phe Pro Arg Asp Gly Leu Val Leu 572 
GGG AAG GTG GTT GAA GGA ACA GCC 1964 

Gly Lys Val Val Glu Gly Thr Ala 589 

ATG AAA GTT GCA GTG AAG ATG CTA 2015 
Met Lys Val Ala Val Lys Met Leu 606 

CAA GCT CTC ATG TCT GAA CTG AAG 2066 
Gin Ala Leu Met Ser Glu Leu Lys 623 

AAC ATT GTA AAC TTG CTG GGA GCC 2117 
Asn lie Val Asn Leu Leu Gly Ala 640 

ATC ACA GAG TAT TGC TTC TAT GGA 2168 
lie Thr Glu Tyr Cys Phe Tyr Gly 657 

AGG GAT AGC TTC CTG AGC CAC CAC 2219 

Arg Asp Ser Phe Leu Ser His His 674 

ATC TTT GGA TTG AAC CCT GCT GAT 2270 
lie Phe Gly Leu Asn Pro Ala Asp 691 

TCT TTT GAA AAC AAT GGT GAC TAC 2321 
Ser Phe Glu Asn Asn Gly Asp Tyr 708 

CAG TAT GTC CCC ATG CTA GAA AGG 2372 
Gin Tyr Val Pro Met Leu Glu Arg 725 

CAG AGA TCA CTC TAT GAT CGT CCA 2423 
Gin Arg Ser Leu Tyr Asp Arg Pro 742 

GAC TCA GAA GTC AAA AAC CTC CTT 2474 
Asp Ser Glu Val Lys Asn Leu Leu 759 

TTA TTG GAT TTG TTG AGC TTC ACC 2525 
Leu Leu Asp Leu Leu Ser Phe Thr 776 

TTG GCT TCA AAA AAT TGT GTC CAC 2576 
Leu Ala Ser Lys Asn Cys Val His 793 

CTG GCA CAA GGA AAA ATT GTG AAG 2 627 

Leu Ala Gin Gly Lys lie Val Lys 810 
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ATC 

Tl « 

lie 


TGT 
cys 


GAC 
ASp 


TTT 

Jrne 


GGC 

Laiy 


CTG 

T All 

Leu 


GCC 

ii-L d 


AGA 

A y rt 


GAC 

A cn 
Ao £J 


ATC 

Tip 


ATG 
Met 


CAT 
His 

XX -X. ««J 


GAT 
Asd 


TCG 
Ser 


AAC 

Asn 


TAT 
Tvr 


GTG 
Val 


2678 
827 


TCG 

_r-, — ^ 

Ser 


AAA 
Lys 


GGC 

Gly 


AGT 

ser 


ACC 

inr 


TTT 

Hue 


CTG 

Leu 


CCC 

irro 


GTG 
v ax 


AAG 
Ly o 


TGG 
irp 


ATG 
Met 


GCT 
Ala 

x^-i- cx 


CCT 

Pro 

XT X> W 


GAG 
GlU 


AGC 

Ser 


ATC 
He 

JL -L. w 


2729 
844 

KJ T T 


TTT 
Phe 


GAC 
Asp 


AAC 
Asn 


CTC 

T 

Leu 


TAC 
Tyr 


ACC 
Tnr 


ACA 

iii X*h 

Tnr 


CTG 
Leu 


AGT 

C? *v* 


GAT 
ASp 


GTC 

Vdl 


TGG 
irp 


TCT 

Owl. 


TAT 

Tvt* 
■ L J L 


GGC 
Gly 


ATT 
He 


CTG 


2780 
861 

o wx 


CTC 

Leu 


TGG 
Trp 


GAG 
Glu 


ATC 
He 


TTT 
Phe 


TCC 
Ser 


CTT 
Leu 


GGT 

Gly 


GGC 
Gly 


ACC 

mr 


CCT 

irro 


TAC 


CCC 

rl U 


GGC 

m xr 


ATG 
Met 


ATG 
Met 


GTG 

v cLX 


2831 

o / o 


®|t 


TCT 
Ser 


ACT 

Thr 


TTC 
Phe 


TAC 

Tyr 


AAT 
Asn 


AAG 
Lys 


ATC 
He 


AAG 
Lys 


AGT 
Sex* 


GGG 
Giy 


TAC 
Tyr 


CGG 
Arg 


ATG 

1*1 fc2 U 


GCC 
Ala 


AAG 
Lys 


CCT 
rro 


2882 

O i7 D 


QAC 

Asp 


CAC 
His 


GCT 
Ala 


ACC 
Thr 


AGT 
Ser 


GAA 

Glu 


GTC 
Val 


TAC 
Tyr 


GAG 
GlU 


ATC 
He 


ATG 
Met 


GTG 

vai 


AAA 

T ^ re 

Lys 


TGC 


TGG- AAC 

Trp Asn 


AGT 

C a v» 

oer 


2933 


Mg 
Glu 


CCG 
Pro 


GAG 
Glu 


AAG 
Lys 


AGA 
Arg 


CCC 
Pro 


TCC 
Ser 


TTT 
Phe 


TAC 
Tyr 


CAC 

HIS 


CTG 
Leu 


AGT 
oer 


GAG 

Vj J_ Li 


ATT 

J. x e 


GTG 
Val 


GAG 
Glu 


AAT 

A CT V> 

nSIl 


2984 

Q 1 Q 

i7 ^ i7 


feu 


CTG 
Leu 


CCT 
Pro 


GGA 

Gly 


CAA 
Gin 


TAT 
Tyr 


AAA 
Lys 


AAG 
Lys 


AGT 
ser 


TAT 

iyr 


GAA 

bill 


AAA 
Lys 


ATT 
lie 


CAC 
nib 


CTG GAC 
Leu Asp 


TTC 


3035 

27 *« D 


GTG 


AAG 
Lys 


AGT 

Ser 


GAC 
Asp 


CAT 
His 


CCT 

Pro 


GCT 
Ala 


GTG 
val 


GCA 

Ala 


CGC 
Arg 


ATG 


CGT 
Arg 


GTG 

V a. _L 


GAC 


TCA GAC 

Ser Asp 


AAT 

noil 


3086 


GCA 
Ala 


TAC 
Tyr 


ATT 
lie 


GGT 

Gly 


GTC 
val 


ACC 

III Lk — — 

Tnr 


TAC 

r t'i. « 

Tyr 


AAA 
Lys 


AAC 
Asn 


GAG 

CjIU 


GAA 

LjIU 


GAC 


AAG 
Lys 


CTG 

T on 


AAG 
Lys 


GAC 
Asp 


TGG 
irp 


3137 

QftO 

Z/OU 


GAG 
Glu 


GGT 
Gly 


GGT 

Gly 


CTG 
Leu 


GAT 
Asp 


GAG 
Glu 


CAG 
Gin 


AGA 
Arg 


CTG 
Leu 


AGC 
Ser 


GCT 
Ala 


GAC 
Asp 


AGT 
Ser 


GGC 
Gly 


TAC 
Tyr 


ATC 
He 


ATT 

He 


3188 
997 


CCT 
Pro 


CTG 
Leu 


CCT 
Pro 


GAC 
Asp 


ATT 
He 


GAC 
Asp 


CCT 
Pro 


GTC 
Val 


CCT 
Pro 


GAG 
Glu 


GAG 
GlU 


GAG 
Glu 


GAC 
Asp 


CTG 
Leu 


GGC 

Gly 


AAG 

Lys 


AGG 

Arg 


3239 
1014 


AAC 
Asn 


AGA 
Arg 


CAC 
His 


AGC 
Ser 


TCG 
Ser 


CAG 
Gin 


ACC 
Thr 


TCT 
Ser 


GAA 
Glu 


GAG 
Glu 


AGT 
Ser 


GCC 
Ala 


ATT 
He 


GAG 
Glu 


ACG 

Thr 


GGT 
Gly 


TCC 

Ser 


3290 
1031 


AGC 
Ser 


AGT 
Ser 


TCC 
Ser 


ACC 
Thr 


TTC 
Phe 


ATC 
He 


AAG 
Lys 


AGA 
Arg 


GAG 
Glu 


GAC 
Asp 


GAG 
Glu 


ACC 
Thr 


ATT 
He 


GAA 
Glu 


GAC 
Asp 


ATC 
He 


GAC 
Asp 


3341 
1048 


ATG 
Met 


ATG 
Met 


GAC 
Asp 


GAC 
Asp 


ATC 
He 


GGC 
Gly 


ATA 
He 


GAC 
Asp 


TCT 
Ser 


TCA 
Ser 


GAC 
Asp 


CTG 
Leu 


GTG 
Val 


GAA 
Glu 


GAC 
Asp 


AGC 
Ser 


TTC 
Phe 


3392 
1065 



CTG TAACTGGCGGATTCGAGGGGTTCCTTCCACTTCTGGGGCCACCTCTGGATCCCGTTCAGAAAA 3 458 
Leu 1066 



CCACTTTATTGCAATGCGGAGGTTGAGAGGAGGACTTGGTTGATGTTTAAAGAGAAGTTCCCAGCCA 3 52 5 

AGGGCCTCGGGGAGCCTTTCTAAATATGAATGAATGGGATATTTTGAAATGAACTTTGTCAGTGTTG 3 592 

CCTCTTGCAATGCCTCAGTAGCATCTCAGTGGTGTGTGAAGTTTGGAGATAGATGGATAAGGGAATA 3 659 

ATAGGCCACAGAAGGTGAACTTTCTGCTTCAAGGACATTGGTGAGAGTCCAACAGACACAATTTATA 3726 
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CTGCGACAGAACTTCAGCATTGTAATTATGTAAATAACTCTAACCACGGCTGTGTTTAGATTGTATT 3793 
AACTATCTTCTTTGGACTTCTGAAGAGACCACTCAATCCATCCATGTACTTCCCTCTTGAAACCTGA 38 60 
TGT CAGCTGCTGTTGAACTTTTTAAAGAAGTGCATGAAAAACCATTTTTGACCTTAAAAGGTACTGG 3927 

TACTATAGCATTTTGCTATCTTTTTTAGTGTT^ 3994 
TAATAGATTTGGGTCATTTAGAAGCCTGACAACTGATTTTCATATT^ 4061 

ACT ACTGTTATCAGTAATGCTAAATGTGTAATAATGTAACATG ATTTCCCTCCACACAAAGCACAAT 4128 
TTAAAAACAATCCTTACTAAGTAGGTGATGAGTTTGACAGTTTTTGACATTTATATTAAATAACATG 4195 
TTT CTCTATAAAGTATGGTAATAGCTTTAGTGAATTAAATTTAGTTGAGCATAGAGAACAAAGTAAA 4262 
AGTAGTGTTGTCCAGGAAGTCAGAATTTTTAACTG.TACTGAATAGGTTCCCCAATCCATCGTATTAA 4329 
AAAACAATTAACTGCCCTCTGAAATAATGGGATTAG7LAACAAACAAAA 4396 

CgDC AATGTAGAGGCATAAACCTGTGCTGAACATAACTTCTCATGTATATTACCCAATGGAAAATATA 4463 
mG ATCAGCGCANAAAGACTGGATTTGCAGAAGTTNTTTTTTTTTTTTCTTCTTGCCTGATGAAAGC 453 0 
Iff TGGCGACCCCAATATATGTATTTTTTGAATCTATGAACCTGAAAAGGGTCACAAAGGATGCCCAG 4597 
A<1ATCAGCCTCCTTCTTTCACCCCTTACCCCAAAGAGAAAG 4664 
AjETCTTTAGTGGAGGCTGGAAGTGCAT 4731 
TAG ACTAGTACCTGGGTTTCCATCCTTGAGAT^ 4798 
TfATTTTTCTAAACTCCCT^ 4865 
AGTTGCCATGGGAAACAAATAATTTGAACTTTGGAACAGGGTTCTTAAGTTGGTGCGTCCTTCGGAT 4932 
QATAAATTTAGGAACCGAAGTCCAATCACTGTAAATTACGGTAGATCGATCGTTAACGCTGGAATTA 4999 
^TTGAAAGGTCAGAATCGACTCCGACTCTTTCGATTTCAAACCAAAACTGTCCAAAAGGTTTTCAT 5066 
Tf CTACGATGAAGGGTGACATACCCCCTCTAACTTGAAAGGGGCAGAGGGCAGAAGAGCGGAGGGTG 5133 
XSGTATGGGGCGGTTCCTTTCCGTACATGTTTTTAATACGTTAAGTCACAAGGTTCAGAGACACATT 5200 
dGTCGAGTCACAAAACCACCTTTTTTGTAAAATTC^^ 5267 
i^TTAACAGTGTAGATAGGTGTGACAGTTTGTCCAACCACACCCAAGTAACCGTAAGAAACGTTATG 5334 
A ? CG AATTAACGACTATGGTATACTTACTTTGTACCCG ACACTAATGACGTTAGTGAC ACGATAGCCG 5401 
TCTACTACGAAACCTTCTACGTCTTCGTTATTATTTCATGAACTGATGGATGACCACATTAGAGTTA 5468 
CGTTCGGGGTTGAAAGAATAGGTTGAAAAAGTATCATTCACGCTTCTGACTCGGTCTAACCGGTTAA 5535 
TTTTTCTTTTGGACTGATCCAAGACATCTCGGTTAATCTGAACTTTATGCAAACACAAAGATCTTAG 5602 
TGT CG AGTTCGTAAGACAAATAGCGAGTG AGAGGGAACATGTCGGAATAAAACAACCACGAAACGTA 5669 
AAACTATAACGACACTCGGAACGTACTGTAGTACTCCGGCCTACTTTGAAGAGTCAGGTCGTCAAAG 573 6 
GTC AGG ATTGTTTACGAGGGTGGACTTAAACATATACTGACGTAAACACCCACACACACACAAAAGT 5803 
CGTTTAAGGTCTAAACAAAGGAAAACCGGAGGACGTTTCAGAGGTCTT 5870 
GATG AAAGATAAAAATACTACTGTTAGTTTCGGCCGGACTCTTTGTGATAAACACTGAAAAATTTGC 5937 
TAAT C ACTACAGG AATTTTACACCAG ACGGTTAG AC ATGTTTTAC CAGGAT AAAAAC ACTTCTCCCT 6004 
GTATTCTATTTTACTACAATATGTAGTTATACATATATACATAAAGATATATCTGAACCTCTTATGA 607 1 
CGGTTTTGTAAATACTGTTCGACATAGTGACGGAAGCAAATATAAAAAAATTGACACTATTAGGGGT 6138 
GTCCGTGTAATTGACAACGTGAAAACTTACAGGTTTTAAATATAAAATCTT^ 6205 
ATG AATGTACAAGGGTTTTGTTACCACACCACTTAC^ 6272 
TTATGTTTTACATAATGCTTACGGGGACAAGTACAAAAACAAAATTTTGCACATTTACTTCTAGAAA 6339 
TAT AAAGTTATTTACTATATATTAAATTTCCTTAAG 6375 



As seen in Tables 2 and 3 , the presumed intracellular 
tyrosine kinase domain of the type A and type B receptors have 
about 80% identical residues. The putative extracellular 
regions of the type A and B receptors have about 3 4-3 5% 
identical residues , an additional 14% of the remaining residues 
being conservative substitutions, i.e., substitutions with 
amino acids having similar chemical properties. The designated 
transmembrane regions of the hPDGF receptors have about 48% 
identical residues. Of the 52% of residues that differ, 70% 
are conservative substitutions. As seen in the tables, both 
receptor sequences have an amino acid insertion of about 103 or 
104 amino acids interrupting the putative tyrosine kinase 
region. The overall homology between the two polypeptide 
sequences is about. 44%. 

The term platelet-derived growth factor receptor 
(PDGF-R) refers to a composition having properties 
characteristic of a PDGF-R. The native human PDGF receptors 
are examples of the class of PDGF— Rs , as are each of the 
polypeptides whose sequences are disclosed in Tables 2 and 3 , 
and allelic variants. The natural receptor is typically a 
membrane glycoprotein having a molecular weight of about 180 
kd. The receptor is normally found in vascular smooth muscle 
cell, fibroblasts, and glial cells, but not commonly observed 
in endothelial cells or on most hematopoietic cells. 

As indicated above, the PDGF receptors have three 
major identifiable regions. The first is an extracellular 
region which contains the ligand binding determinants for the 
PDGF, i.e. , the ligand binding segments. The extracellular 
region is also divided into Ig-like domains with the 
characteristics described above. The second major identifiable 
region is a transmembrane region and the third is an 
intracellular region. The intracellular region contains a 
characteristic type of tyrosine kinase domain, interrupted by a 
kinase insert (KI) segment. 

The description "human" refers to the origin of the 
composition. In one use, it implies that the composition was 
found, at one point, within a human or human-derived cell or a 
minor variant from a naturally occurring human cell. With 



respect to a protein or nucleic acid or sequence, it refers to 
a composition encoded by a natural human gene, or a closely 
related gene. Thus, the present invention includes proteins 
and nucleic acids encoding such proteins. The nucleic acids 
include RNA , cDNA f genomic DNA, synthetic forms, and mixed 
polymers, both sense and antisense strands. Thus, a protein 
derived from the sequence information disclosed, even if made 
synthetically, would be considered a human sequence. 
Furthermore, different alleles of each isoform are each also 
considered a human PDGF-R. 

Thus, for the purposes used herein, the term human 
PDGF-R, when applied to a polypeptide, means a protein or 
polypeptide, which is substantially homologous to the amino 
acid sequences depicted in Table 2 or 3 and any alleles of 
them, or a fragment thereof. Ordinarily, hPDGF-R's will be at 
least about 80 percent homologous to the described PDGF-R^ 
sequences, preferably in excess of about 90 percent homology, 
and, more preferably, at least about 95 percent homology. The 
receptor will ordinarily also exhibit at least some biological 
activity in common with a hPDGF-R provided in the relevant 
sequences, e.g., PDGF binding, tyrosine kinase activity, 
phosphatidylinositol 3 1 kinase (PI3 kinase) binding, or 
immunologic properties. The hPDGF receptor embraces forms of 
the molecule which share the primary structural sequence, and 
is intended to encompass chemical and biochemical 
modifications, e.g. , glycosylation, phosphorylation, 
ubiquinization, disulfide bonds, and other minor alterations in 
the basic primary sequence. 

In particular, glycosylation alterations are 
included, made by modifying the glycosylation patterns of a 
polypeptide during its synthesis and processing, or in further 
processing steps. Particularly preferred means for 
accomplishing this are by exposing the polypeptide to 
glycosylating enzymes derived from cells which normally provide 
such processing, e.g., mammalian glycosylation enzymes. Also 
embraced are versions of the same primary amino acid sequence 
which have phosphorylated amino acid residues, e.g., 
phosphotyrosine, phosphoserine, or phosphothreonine* 



The type B hPDGF-R is an isotype of a hPDGF-R 

polypeptide whose properties have been described above, and 
includes all alleles of that sequence and minor modified 
sequences derived therefrom. Generally, the term also is 
intended to include fragments of the protein, particularly 
those which are characteristic of the human type B isoform. 
Corresponding meaning is intended in reference to the type A 

hPDGF-R. 

In certain uses, the term applies to the functional 
receptor* As described, the functional form is believed to be 
a dimer complex of the type A receptor polypeptide, or of the 
type B receptor polypeptide , or the heterodimer form. 

A heterologous fusion protein is a fusion of proteins 
or segments which are naturally not normally fused inrthe same 
manner. Thus, the fusion product of an immunoglobulin with a 
hPDGF-R polypeptide is a continuous protein molecule having 
sequences fused in a typical peptide linkage, typically made as 
a single translation product and exhibiting both immunoglobulin 
and hPDGF-R polypeptide dependent propertis. A similar concept 
applies to heterologous nucleic acid sequences. 

A polypeptide fragment, or segment, is a stretch of 
amino acid residues of at least about 5 amino acids, often at 
least about 7 amino acids, usually at least about 9 amino 
acids, more usually at least about 11 amino acids, typically at 
least about 13 amino acids, more typically at least about 15 
amino acids, and, in various embodiments, at least about 17 or 
more amino acids. In a nucleic acid, a fragment or segment is 
a stretch of at least about 6 nucleotides, often at least about 
9 nucleotides, usually at least about 12 nucleotides, more 
usually at least about 15 nucleotides, typically at least about 
18 nucleotides, more typically at least about 21 nucleotides, 
and in various preferred embodiments, at least about 24 or more 
nucleotides . 

A polypeptide fragment is "physiologically active" 
when it substantially contributes to an activity characteristic 
of a natural polypeptide or fragment, e.g., a PDGF-R 
polypeptide. Typically, a hPDGF-R polypeptide, when associated 
into a functional receptor, has the set of activities performed 



by the receptor in a biological context (e.g. f in an organism 
or an in vitro biological context) . In the case of the hPDGF- 
R, a functional fragment has these physiological activities, or 
functional activities characteristic of a hPDGF receptor, which 
include PDGF binding, tyrosine kinase activity and any of the 
mitogenic or other cellular responses mediated by the receptor. 
However, the protein fragment may exhibit other specific or 
inherent functions, such as vital conformational constraints, 
serving as a substrate site for glycosylation, contributing the 
signal sequence for cellular targeting , presenting 
characteristic epitopes absent in a mouse PDGF— R, or presently 
unrecognized functions possessed inherently. 

Solubility of a polypeptide depends upon the 
environment and the polypeptide. Many parameters affect 
polypeptide solubility, including the temperature, the 
electrolyte environment, the size and molecular characteristics 
of the polypeptide, and the nature of the solvent. Typically, 
the temperature at which the polypeptide is used ranges from 
about 4*C to about 65 Usually the temperature at use is 
greater than about 18 *C and more usually greater than about 
22 # C. For diagnostic purposes, the temperature will usually be 
about room temperature or warmer, but less than the 
denaturation temperature of components in the assay. For 
therapeutic purposes, the temperature will usually be body 
temperature, typically about 37 *C for humans, though under 
certain situations the temperature may be raised or lowered in 
situ or in vitro. 

The electrolytes will usually approximate in situ 
physiological conditions, but may be modified to higher or 
lower ionic strength where advantageous. The actual ions may 
be modified to conform to standard buffers used in 
physiological or analytical contexts. 

The size and structure of the polypeptide should 
generally be in a substantially stable and globular state, and 
usually not in a denatured • state . The polypeptide may be 
associated with other polypeptides in a quaternary structure, 
e.g., .to confer solubility. 
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The solvent will usually be a biologically compatible 
buffer, of a type used for preservation of biological 
activities, and will usually approximate a physiological 
solvent. On some occasions, a detergent will be added, 
5 typically a mild non-denaturing one. 

Solubility is usually measured in Svedberg units, 
which are a measure of the sedimentation velocity of a molecule 
under particular conditions. The determination of the 
sedimentation velocity was classically performed in an 
( i0 analytical ultracentrifuge, but is typically now performed in a 
D standard ultracentrifuge. See, Freifelder (1982) Physical 
51 Biochemistry (2d ed.), W.H. Freeman, and Cantor and Schimmel 
Si (1980) Biophysical chemistry , parts 1-3, W.H. Freeman & Co., 
*F San Francisco, each of which is hereby incorporated herein by 
Sl5 reference. As a crude determination, a sample containing a 
5 putatively soluble polypeptide is spun in a standard full sized 

ultracentrifuge at about 50K rpm for about 10 minutes, and 
M= soluble molecules will remain in the supernatant. A soluble 

particle or polypeptide will typically be less than about 30S, 
y20 more typically less than about 15S, usually less than about 
10S, more usually less than. about 6S, and, in particular 
embodiments, preferably less than about 4S, and more preferably 
less than about 3S. 

The PDGF receptors or the specific extracellular 

2 5 regions of the receptors as provided herein may be used to 

affinity purify respective PDGFs. The full length, or entire, 
extracellular region, comprises the ligand-binding determinants 
of the type B receptor in Table 2, and extends from about 
leu(l) to lys(499). The full length, or entire, extracellular 

3 0 region comprising the ligand-binding determinants of the type A 

hPDGF-R shown in Table 3 extends from about gln(l) to glu(501) . 
The ligand-binding determinants vary with different PDGF 
receptor alleles and may be anywhere from 5% to all of the 
extracellular region. The minimal amount of protein sequence 
3 5 essential for ligand binding may be determined by excising 
various segments of the extracellular region and measuring 
ligand binding. Studies of ligand-receptor interaction 
indicate that the ligand-binding region is located in the 



extracellular region of the receptor. More sophisticated 
studies on the effects of various residues on the specificity 
of ligand binding are also made possible by the reagents of 
this invention. As used in this application, PDGF receptor or 
PDGF-R ligand-binding activity means having the ability to bind 
a PDGF, a PDGF agonist or antagonist, or other specific ligand 
for a hPDGF receptor. Usually these ligands will be members of 
the PDGF family, typically a human form. Therefore the 
external region has utility in establishing whether an analogue 
is a PDGF agonist or antagonist. 

It is also likely that the PDGF-R, like many other 
growth factor receptors, is found naturally in a multimeric 
protein complex, most likely in dimer form. Thus, other 
important regions of a receptor will be those segments, either 
extracellular or otherwise, which are involved in dimerization 
or protein-protein interaction. 

Besides substantially full-length polypeptides, the 
present invention provides for biologically active fragments of 
the polypeptides, or analogues thereof, including organic 
molecules which simulate the interactions of the peptides. 
Significant biological activities include ligand-binding , 
immunological properties, dimer association, serving as a 
kinase substrate, interacting with other mediators specific for 
binding to a PDGF-R protein, and other biological activities 
characteristic of human PDGF receptor polypeptides. 
Immunological activities include both immunogenic function in a 
target immune system, sharing of immunological epitopes for 
binding, and serving as either a competitor or substitute 
antigen for a human PDGF receptor epitope. Assays for these 
immunological activities are known in the art, see, e.g., below 
in the Experimental section; Harlow and Lane (1989) Antibodies; 
A Laboratory Manual , Cold Spring Harbor Press, New York; and 
Escobedo et al. (1988) J. Biol. Chem. 263:1482-1487, which are 
each hereby incorporated herein by reference. For example, 
ligand-binding or other segments may be "swapped" between 
different new fusion polypeptides or fragments. Thus, new 
chimeric polypeptides exhibiting new combinations of 
specificities will result from the functional linkage of 
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ligand-binding specificities and intracellular regions. For 
example, the Ig domains from other related polypeptides may be 
added or substituted for other Ig-like domains of these 
receptors. The resulting protein will often have hybrid 
function and properties. 

For immunological purposes, immunogens may be 
produced which tandemly repeat polypeptide segments, thereby 
producing highly antigenic proteins. Alternatively, such 
polypeptides will serve as highly efficient competitors for 
specific binding- Production of antibodies to hPDGF receptor 
polypeptides is described below. 

The present invention also provides for other 
polypeptides comprising fragments of PDGF receptors and 
polypeptides substantially homologous thereto. The receptor 
peptides of the present invention will, generally exhibit at 
least about 80% homology with naturally occurring sequences of 
hPDGF receptor, typically at least about 85% homology with a 
natural receptor sequence, more typically at least about 90% 
homology, usually at least about 95% homology, and more usually 
at least about 97% homology. The length of comparison 
sequences will generally be at least about 16 amino acids, 
usually at least about 2 0 residues, more usually at least about 
2 4 residues, typically at least about 2 8 residues, and 
preferably more than about 3 5 residues. 

Homology, for polypeptides, is typically measured 
using sequence analysis software, see, e.g., Sequence Analysis 
Software Package of the Genetics Computer Group, University of 
Wisconsin Biotechnology Center, 1710 University Avenue, 
Madison, Wisconsin 53705. Protein analysis software matches 
similar sequences using measure of homology assigned to various 
substitutions, deletions, substitutions, and other 
modifications. Conservative substitutions typically include 
, substitutions within the following groups: glycine, alanine; 
valine, isoleucine, leucine; aspartic acid, glutamic acid; 
asparagine, glutamine; serine, threonine; lysine, arginine; and 

phenylalanine , tyrosine . 

Fusion polypeptides between the receptors and other 
homologous or heterologous proteins are also provided. 



Homologous polypeptides may be fusions between different growth 
factor receptors, resulting in, for instance, a hybrid protein 
exhibiting ligand specificity of one receptor and the 
intracellular region of another, or a receptor which may have 
broadened or weakened specificity of binding. Likewise, 
heterologous fusions may be constructed which would exhibit a 
combination of properties or activities of the derivative 
proteins. Typical examples are fusions of a reporter 
polypeptide, e.g., lucif erase, with a segment or domain of a 
receptor, e.g., a ligand-binding segment, so that the presence 
or location of a desired ligand may be easily determined. See, 
e.g., Dull et al . , U.S. No. 4,859,609, which is hereby 
incorporated herein by reference. Other gene fusion partners 
include bacterial 0-galactosidase, trpE, Protein A, /3- 
lactamase, alpha amylase, alcohol dehydrogenase, and yeast 
alpha mating factor. See , e.g,., Godowski et al. (1988) 

Science 241:812-816. 

Such polypeptides may also have amino acid residues 
which have been chemically modified by phosphorylation, 
sulfonation, biotinylation, or the addition of other moieties, 
particularly those which have molecular shapes similar to 
phosphate groups. In some embodiments, the modifications will 
be useful labeling reagents, or serve as purification targets, 
e.g. , affinity ligands. 

Fusion proteins will typically be made by either 
recombinant nucleic acid methods or by synthetic polypeptide 
methods. Techniques for nucleic acid manipulation are 
described generally, for example, in Sambrook et al. (1989), 
Molecular Cloning: A Laboratory Manual (2d ed.), Vols. 1-3, 
Cold Spring Harbor Laboratory, which are incorporated hereby by 
reference. Techniques for synthesis of polypeptides are 
described, for example, in Merrifield (1963) J . Amer . Chem . 
Soc. 85:2149-2156; Merrifield (1986) Science 232: 341-347; and 
Atherton et al. (1989) Solid Phase Peptide Syn thesis: A 
Practical Approach , IRL Press, Oxford; each of which is 
incorporated herein by reference. 

Fragments of an intact receptor are also embraced 
herein. Various fragments include the transmembrane segment, 
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which confers a cell surface attachment function. Various 
fragments deleting either intracellular or extracellular 
segments will be produced. For example, fragments comprising a 
transmembrane segment, either of a PDGF receptor or another 
protein, in combination with ligand binding determinants, will 
provide membrane associated ligand binding regions. Similar 
constructs with intracellular regions may be prepared, 
producing, e.g., membrane associated tyrosine kinase segments. 

In particular, soluble fragments comprising ligand 
binding determinants will be produced which may be used for 
absorbing free ligand. The soluble fragments can be used for 
diagnostic and therapeutic purposes to block PDGF mediated 
responses . 

In another embodiment, intracellular fragments and 

analogues will be prepared. The kinase insert region (KI) 
within the tyrosine kinase domains is a particularly useful 
fragment, as described below. 

A peptide analogue of a phosphorylated region of a 
protein is a peptide with substantial primary sequence homology 
to a phosphorylated region of another protein, and having at 
least one phosphorylated or similarly derivatized residue at 
positions corresponding to the position of similar 
phosphorylated residues in the phosphorylated region of that 
other protein. Where such a region has two or more 
phosphorylated residues, peptide analogues will, in certain 
embodiments, have only one such phosphorylated or similarily 
derivatized residue. Such phosphorylated residues will 
generally include phosphotyrosine, phosphoser ine , or 
phosphothreonine. The peptide analogue will sometimes have one 
or more unnatural amino acids, including, e.g., residues 
chemically modified by biotinylation, phosphorylation, 
sulfonation, or glycosylation. It will generally be in monomer 
form or a multimer of repeated peptide units, and often will be 
joined to heterologous proteins or peptide fragments. Such 
heterologous proteins or peptides will often include segments 
derived from various proteins, e.g. , immunoglobulins, p- 
galactosidase, ^-glucuronidase, luciferase, trpE, or Protein A. 
See, e.g., Godowski et al. (1988) Science 241: 812-816. Such 
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peptide analogues will generally be soluble or coupled to a 
solid phase support, e.g., nitrocellulose, nylon, column 
packing materials (e.g., Sepharose beads), magnetic beads, 
glass wool, cells, or other substrates. 

A phosphorylated region of a protein important for 
normal protein function will often be identified by a number of 
approaches, e.g., analysis of mutated proteins that have 
deletions or point mutations resulting in a change of ability 
to bind to another protein, altered enzymatic activity, or 
modification of other protein characteristics. Methods well 
known to those in the art are available to determine whether a 
peptide region is phosphorylated in vivo . See, e.g., 
Kazlauskas and Cooper (1989) Cell 58: 1121-1133; Williams 
(1989) Science 243: 1564-1570; and Wahl et al. (1990T J. Biol 
Chem. 265: 3944. Direct structural determination, e.g., x-ray 
crystallographic or 2D-NMR, can be used to determine locations 
of interactions, which guide where modifications are likely to 
affect interactions, both ligand and effector binding 
activities. 

Fragments, in various extracellular region and 
intracellular region embodiments, will generally be at least 
about 12 00 daltons, often be at least about 2400 daltons, 
typically at least about 3000 daltons, more typically at least 
about 3600 daltons, and in some preferred embodiments, at least 
about 42 00 daltons or more. 

III. Nucleic Acids 

The nucleic acid compositions of this invention will 
generally be in RNA or DNA forms, or even a mixed polymer. The 
described DNA embodiment is usually derived from genomic DNA or 
cDNA, prepared by synthesis, or derived from combinations 
thereof. The DNA compositions generally include the complete 
coding region encoding hPDGF-R or fragments thereof, e.g., 
comprising at least 8 codons (24 bp) , usually at least 12 
codons, more usually at least about 15 codons, typically at 
least about 20 codons , more typically at least about 30 codons 
and preferably even more. One or more introns may be present. 
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The term hPDGF-R, when loosely applied to a nucleic 
acid, refers to a nucleic acid which encodes a hPDGF-R 
polypeptide, fragment, or variant, including protein fusions or 
deletion variants. A nucleic acid encodes a polypeptide when a 
corresponding message of a sequence, or its complement, is 
translated, as provided by a universal code of nucleotide 
triplets into polypeptide primary structure. 

An "isolated" nucleic acid is a nucleic acid, e.g., 
an RNA, DNA, or a mixed polymer, which is substantially 
separated from other DNA sequences which naturally accompany a 
native human sequence, e.g., ribosomes, polymerases, and many 
other human genome sequences. The term embraces a nucleic acid 
sequence which has been removed from its naturally occurring 
environment, and includes recombinant or cloned DNA isolates 
and chemically synthesized analogues or analogues biologically 
synthesized by heterologous systems. A substantially pure 
molecule includes isolated forms of the molecule. 

An isolated nucleic acid will generally be a 
homogenous composition of molecules, but will, in some 
embodiments, contain minor heterogeneity. This heterogeneity 
is typically found at the polymer ends or portions not critical 
to a desired biological function or activity. 

The term "encoding" refers generally to the sequence 
information being present in a translatable form, usually 
operably linked to a promoter. A sequence is operably linked 
to a promoter when the functional promoter enhances 
transcription or expression of that sequence. An anti-sense 
strand is considered to also encode the sequence, since the 
same informational content is present in a readily accessible 
form, especially when linked to a sequence which promotes 
expression of the sense strand. The information is convertible 
using the standard, or a modified, genetic code. See, e.g., 
Watson et al. (1987) The Molecular Biology of the Gene (4th 
ed.) vols. 1&2, Benjamin, Menlo Park, California. 

The term "recombinant" refers to a nucleic acid 
sequence which is not naturally occurring, or is made by the 
artificial combination of two otherwise separated segments of 
sequence. This artificial combination is often accomplished by 
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either chemical synthesis means, or by the artificial 
manipulation of isolated segments of nucleic acids r e.g., by 
genetic engineering techniques. Such is usually done to 
replace a codon with a redundant codon encoding the same or a 
conservative amino acid, while typically introducing or 
removing a sequence recognition site. Alternatively, it is 
performed to join together nucleic acid segments of desired 
functions to generate a single genetic entity comprising a 
desired combination of functions not found in the common 
natural forms. Restriction enzyme recognition sites are often 
the target of such artificial manipulations, but other site 
specific targets, e.g., promoters, DNA replication sites, 
regulation sequences, control sequences, or other useful 
features may be incorporated by design. A similar concept is 
intended for a recombinant, e.g., fusion, polypeptide. 



similarity. The standards for homology in nucleic acids are 
either measures for homology generally used in the art or 
hybridization conditions. The hybridization conditions are 
described below, but are further limited by the homology 
between the corresponding human and mouse segments. Homology 
will be limited, in addition to any stated parameters, by any 
similarity between the human and mouse sequences such that the 
stated homology specifically is limited by the conditions which 
are sufficient for the corresponding mouse segment of the 
segment being compared to match the stated human segment. 



means either that the segments, or their complementary strands, 
when compared, are identical when optimally aligned, with 
appropriate nucleotide insertions or deletions, in at least 
about 60% of the residues, usually at least about 7 0%, more 
usually at least about 80%, preferably at least about 90%, and 
more preferably at least about 95 to 98% of the nucleotides. 
Alternatively, substantial homology exists when the segments 
will hybridize under selective hybridization conditions, to a 
strand, or its complement, typically using a sequence derived 
from Table 2 or 3 . Selectivity of hybridization exists when 
hybridization occurs which is more selective than total lack of 



Homologous sequences, when compared, exhibit 



Substantial homology in the nucleic acid context 
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specificity. Typically, selective hybridization will occur 
when there is at least about 55% homology over a stretch of at 
least about 14 nucleotides, preferably at least about 65%, more 
preferably at least about 75%, and most preferably at least 
5 about 90%. See , Kanehisa (1984) Nuc. Acids Res. 12:203-213, 
which is incorporated herein by reference. The length of 
homology comparison, as described , may be over longer 
stretches, and in certain embodiments will often be over a 
stretch of at least about 17 nucleotides, usually at least 
M10 about 20 nucleotides, more usually at least about 24 
y nucleotides, typically at least about 28 nucleotides, more 
fy typically at least about 3 2 nucleotides, and preferably at 

least about 3 6 or more nucleotides. 
S Stringent conditions, in referring to homology, will 

C31 5 be stringent combined conditions of salt, temperature, organic 
j\ solvents, and other parameters typically controlled in 

fy hybridization reactions. Stringent temperature conditions will 

f Z generally include temperatures in excess of 30* C, typically in 

g excess of 37°, and preferably in excess of 45*. Stringent salt 
H s 2 0 conditions will ordinarily be less than 1000 mM, typically less 
than 500 mM, and preferably less than 200 mM. However, the 
combination of parameters is much more important than the 
measure of any single parameter. See, e.g., Wetmur and 
Davidson (1968) J. Mol. Biol. 31:349-370, which is hereby 

2 5 incorporated herein by reference. 

While the wild-type sequences of these alleles will 
generally be employed, in some situations one or more mutations 
or minor modifications may be introduced, such as deletions, 
substitutions or insertions resulting in changes in the amino 

3 0 acid sequence, providing silent mutations or modifying amino 

acid residues or amino or carboxyl terminal groups. There will 
be circumstances where gene fusions between a hPDGF-R and 
another protein can be useful, or a fusion between the separate 
types A and B forms. The nucleic acid sequence, usually 
3 5 genomic, will often not exceed about 50 kb, more often will not 
exceed about 4 0 kb, typically will not exceed about 3 0 kb, more 
typically will not exceed about 2 0 kb, usually will not exceed 
about 10 kb, and in various embodiments, preferably will not 
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exceed about 6 kbp. Such sequences may have any or all introns 
removed . 

A DNA fragment encoding hPDGF-R finds use to isolate 
DNA encoding PDGF receptors of other species which share 
substantial homologies with hPDGF-R. Fragments from the 
intracellular tyrosine kinase region can be used to isolate 
other tyrosine kinases. Portions of the DNA fragment having at 
least about 10 nucleotides, usually at least about 2 0 
nucleotides, more usually at least about 3 0 nucleotides, and 
fewer than about 6 knt (kilonucleotides) , usually fewer than 
about 0.5 knt, from a DNA sequence encoding a hPDGF-R find use 
as probes. The probes can be used to determine whether RNA 
encoding a hPDGF-R or a fragment thereof is present in a cell. 

Additionally, the type B human PDGF receptor-gene is • 
located at a site on chromosome 5 where a number of growth 
control related genes are clustered. At least one genetic 
disease, 5q minus syndrome, has been shown to involve a 
deletion in this region. The type A receptor gene is located 
on chromosome 4 near the c-kit proto-oncogene. These 
sequences, often intact genes, will find use in diagnosing the 
integrity of these chromosomal regions. Fragments of hPDGF-R 
gene sequences will often be used as markers to probe the 
structure of these important regions of the genome and to 
diagnose genetic diseases associated with those areas of the 
genome. Alternatively, the sequences are useful to isolate 
other fragments for testing the integrity of the chromosome 
regions. 

The recombinant nucleic acid sequences used to 
produce fusion proteins of the present invention will often be 
derived from natural or synthetic sequences. Many natural gene 
sequences are obtainable from various libraries, cDNA or 
genomic, using appropriate probes. See, GenBank , National 
Institutes of Health. Typical probes for human PDGF receptors 
will be selected from the sequences of Table 2 or 3 in 
accordance with standard procedures, or from alleles of them. 
The phosphoramidite method described by Beaucage and Carruthers 
(1981) Tetra. Letts. 22:1859-1862, will produce suitable 
synthetic DNA fragments. A double stranded fragment will often 
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be obtained either by synthesizing the complementary strand and 
annealing the strand together under appropriate conditions or 
by adding the complementary strand using DNA polymerase with an 
appropriate primer sequence , 

IV. Methods for Making PDGF R eceptor and Fragments 

The novel nucleic acids provided herein are useful 
for making PDGF receptor. The DNA fragment or portions thereof 
will be used to prepare an expression construct for a hPDGF-R. 
The expression construct normally comprises one or more DNA 
sequences encoding a hPDGF-R under the transcriptional control 
of a native or other promoter. When more than one sequence 
encoding hPDGF-R is present in the construct, the sequences 
will encode the same or different forms of the receptor, 
usually different. Usually the promoter will be a eukaryotic 
promoter for expression in a mammalian cell, where the 
mammalian cell may or may not lack PDGF receptors. The 
transcriptional regulatory sequences will typically include a 
heterologous enhancer or promoter which is recognized by the 
host. The selection of an appropriate promoter will depend 
upon the host, but promoters such as the trp, lac and phage 
promoters, tRNA promoters and glycolytic enzyme promoters are 
known. See, e.g., Sambrook et al. (1989). Conveniently 
available expression vectors which include the replication 
system and transcriptional and translational regulatory 
sequences together with the insertion site for the fibroblast 
growth factor receptor DNA sequence may be employed. Examples 
of workable combinations of cell lines and expression vectors 
are described in Sambrook et al . (1989); see also, Metzger et 
al. (1988), Nature 334:31-36, each of which is hereby 
incorporated herein by reference. In particular, non- fungal 
promoters will be preferred where expression occurs in non- 
fungal cells. Occasionally, it might be useful to express the 
sequences in other types of cells, and appropriate promoters 
may be selected. And in some circumstances, an inducible 
promoter may be preferred. In other circumstances, it will be 
desired to coexpress a glycosylation enzyme which will provide 
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a glycosylation pattern similar to that provided by a different 
cell type. 

In cases where one wishes to expand the DNA sequence 
or produce the receptor protein or fragments thereof in a 
prokaryotic host, a preferred promoter is a prokaryotic 
promoter, e.g. , trp, lac, and lambda, and see Sambrook et al. 
(1989) for other useful prokaryotic promoters. Usually a 
strong promoter will be employed to provide for high level 
transcription and expression* 

The expression construct will often be contained in a 
vector capable of stable extrachromosomal maintenance in an 
appropriate cellular host or may be integrated into the host 
genome. The expression construct may be bordered by sequences 
which allow for insertion into a host, such as transposon 
sequences, lysogenic viral sequences, or the like. Normally, 
markers are provided with the expression construct which allow 
for selection of host cells containing the construct. The 
marker may be on the same or a different DNA molecule, 
preferably on the same DNA molecule. 

In mammalian cells, the receptor gene itself will 
often provide a convenient marker. However, in prokaryotic 
cells, markers such as a resistance to a cytotoxic agent, 
complementation of an auxotrophic host to prototrophy, 
production of a detectable product, etc. , will be more 
convenient. 

The expression construct can be joined to a 
replication system recognized by the intended host cell. 
Various replication systems include viral replication systems 
such as retroviruses, simian virus, bovine papilloma virus, or 
the like. In addition, the construct may be joined to an 
amplifiable gene, e.g., DHFR gene, so that multiple copies of 
the desired hPDGF-R gene may be made. See, e.g. , Schimke, R. 
(1984) Cell 37:705-713; and Kaufman et al. (1985) Mol. Cell 
Biol. 5:1750-1759; each of which is hereby incorporated herein 
by reference. 

In particular, it will often be desired to express a 
receptor polypeptide in a system which provides a non-fungal 
glycosylation pattern. In this case, the usual pattern will be 
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that provided naturally by the expression system. However, the 
pattern will be modifiable by exposing the polypeptide, e.g., 
an unglycosylated form, to appropriate glycosylating proteins 
introduced into a heterologous expression system. For example, 
the PDGF receptor gene may be co-trans formed with one or more 
genes encoding mammalian or other glycosylating enzymes, 
preferably originating from a non-fungal species, and in some 
embodiments, non-human species. Using this approach, certain 
mammalian glycosylation patterns will be achievable in 
prokaryote or other cells. 

The means of introduction of the expression construct 
into a host cell will vary depending upon' the particular 
construction and the target host. Introduction can be achieved 
by any convenient means, including fusion, conjugation, 
transf ection, transduction, electroporation, injection, or the 
like. See , e.g., Sambrook, et al. (1989) Molecular Cloning: A 
Laboratory Guide , Vols 1-3, Cold Spring Harbor Press, which is 
hereby incorporated herein by reference. Introduction of 
constructs encoding different forms of the receptor into a 
single host cell is also contemplated. The host cells will 
normally be immortalized cells, i.e., cells that can be 
continuously passaged in culture. For the most part, these 
cells will be convenient mammalian cell lines which are able to 
express a hPDGF-R and, where desirable, process the polypeptide 
so as to provide an appropriate mature polypeptide. By 
processing is intended glycosylation, ubiquitination, disulfide 
bond formation, general post-translational modification, or the 
like. Usually the host will be able to recognize the signal 
sequence for inserting hPDGF-R into the membrane of the cell. 
If secretion is desired, the transmembrane sequence will 
generally be deleted or mutated to prevent membrane 
localization of the protein. 

A wide variety of hosts will be employed for 
expression of the peptides, both prokaryotic and eukaryotic. 
Useful hosts include bacteria, such as E. coli , yeast, 
filamentous fungi, insect cells, mammalian cells, typically 
immortalized, e.g., various mouse cell lines, monkey cell 
lines, Chinese hamster ovary cell lines, human cell lines, 
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derivatives of them, or the like. In some cases, the cells 
will be derived from a neoplastic host cell or wild-type cells 
will be transformed with oncogenes, tumor causing viruses or 
the like. 

Under some circumstances, it will be desirable to 
transfect mammalian cells which lack a PDGF receptor, e.g., 
with a construct where a signal sequence and transmembrane 
region direct the receptor peptide to the cell membrane. 
Progeny of transformed or transfected cells are also intended 
to be encompassed. Lymphocytes and cardiac myocytes are 
examples of primary cells which lack a receptor. Chinese 
hamster ovary cells (CHO) , epithelial cells lines, and a number 
of human tumor cell lines also lack PDGF receptors. 

The compositions and cells comprising hPDGF preceptors 
and fragments can be used for diagnostic purposes and to study 
and treat diseases or medical conditions associated with PDGF 
receptors. Use of the soluble extracellular ligand binding 
fragments has already been described generally. In addition, 
various segments of the intracellular region include 
phosphorylated amino acid residues. The sites of 
phosphorylation are important in interaction of segments with 
other polypeptides. The nature and specificity of the 
interactions are highly dependent upon the presence or absence 
of the phosphorylation, and fragments of the intact receptor, 
or related sequences, will be useful in modulating the 
interactions. Thus, intracellular region fragments will also 

find important uses. 

Cells expressing cloning vehicles containing defined 
sequences can be used to define specific sites of a PDGF 
receptor necessary for effecting a particular activity. 
Alternatively, these cells will be useful to assess the ability 
of a selected receptor to bind different ligands (PDGFs and 
analogues) thereby providing a powerful tool for evaluating the 
potential of drugs for promoting or inhibiting specific PDGF- 
induced cellular responses. 

Cells transfected, injected, infected or 
electroporated with DNA or mRNA containing a full length 
natural PDGF-R sequence will often express the native or wild 
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type receptor and respond accordingly less than full length 
segments will often have desired equivalent functions. 
Specific concentrations of a purified receptor or a receptor 
polypeptide fragment can be used to block the binding of the 
5 ligand (PDGF) to native PDGF receptors. Alternatively, 
antibodies to the receptor or fragment can have the same 
effect. In particular, it has been demonstrated herein that 
antibodies against epitopes of the extracellular region can 
block ligand-receptor binding. Other antibodies will block 
10 dimerization of receptor polypeptides, and thus modulate 

receptor function . 
~ Homogeneous and defined polypeptides and DNA 

D sequences will find use in raising antibodies and defining 

specificity of their binding. In particular, antibodies 
JfiS against specific regions of the receptor, e.g., the ligand- 
O binding segments, will find use in diagnostic testing or 
r therapeutics. The reagents PDGF-R, PDGF-R polypeptides, and 
H antibodies to specific regions of the receptor can be used to 

study regulation of PDGF mediated activities. Intracellular 
#0 fragments will also have important uses, especially, e.g., the 
\*s kinase insert segment. 

PDGF has roles in tissue repair, embryogenesis , and 

likely is involved in atherosclerosis, myeloproliferative 

disease, and some carcinomas. Treatment of these conditions 

2 5 responds to attenuation by therapeutic administration of the 

soluble extracellular fragments or antibodies. For example, 
PDGF agonists stimulate cell proliferative development, an 
effect particularly beneficial in wound healing, muscle 
regeneration, and arterial wall proliferation. PDGF 

3 0 antagonists will be used, in some cases, to block excess 

response, or to modulate PDGF response. 

Compositions containing a soluble PDGF-R polypeptide 
having between about five and two hundred, preferably about 10 
or 15 to 50, contiguous amino acids from a human PDGF-R 
3 5 extracellular region are described. In one embodiment, the 
polypeptide contains at least about 8 0 amino acids from 
residues 1 to 499 of a type B human PDGF receptor of Table 2, 
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or from residues 1 to 501 of a type A human receptor of 
Table 3 . 

In another embodiment, fragments of the intracellular 
region will find various uses. In particular, the KI region, 
and fragments or analogues thereof, will find use in blocking 
or modulating interaction of a phosphorylated residue with a 
recognition interaction, usually binding by another protein. 
These interactions are often important in further signal 
transduction and cellular responses. 

The hPDGF-R protein expressed by transfected cells 
also finds many uses. If the peptide is secreted, the peptide 
will typically be isolated from the supernatant in which the 
expression host is grown. If not secreted, the peptide will be 
typically be isolated from the expression host, e.g., from a 
lysate. The peptide will generally be isolated by convenient 
techniques employing HPLC, electrophoresis, gradient 
centrifugation , affinity chromatography, e.g., using PDGF, 
column chromatography and other methods of protein purification 
used in protein biochemistry to provide a substantially pure 
product, e.g., particularly free of cell component 
contaminants. See , e.g., Jacoby (1984) Methods in Enzvmolocrv . 
Vol. 104, Academic Press, New York; Scopes (1987) Protein 
Purification: Principles and Practice , (2nd Ed.) Springer- 
Verlag, New York; Deutscher (ed.) (1990) Guide to Protein 
Purification , Methods in Enzvmoloqy . Vol. 182; each of which is 
hereby incorporated herein by reference. 

The receptor protein or amino acids beginning at 
about leu(l) through lys(499) of the amino terminal sequence of 
the type B receptor, and about gln(l) through glu(501) of the 
sequence of the type A receptor, which form the entire 
extracellular regions, and particularly the PDGF ligand binding 
portions of the receptor proteins, will find use to affinity 
purify PDGF. The extracellular region can also be used affixed 
to a solid substrate or free in solution to determine drugs 
useful as PDGF agonists and antagonists. 

The intracellular region of the protein, beginning at 
about val(500) through the carboxyl terminal amino acid of the 
type B receptor, and about leu (502) through the carboxyl 
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terminus of the type A receptor, also find use as tyrosine 
kinases for protein phosphorylatian in accordance with well 
known techniques. Additionally, amino acids met (-3 2) through 
gly(-l) of the amino terminal sequence of the type B receptor, 
and from about met (-23) through cys(-l) of the type A receptor, 
comprise signal sequences which direct the structural protein 
through the membrane of a transfected cell. These signal 
sequences will be used with a hPDGF-R, but also would be 
expected to find use with other proteins if fused to them. 

Human PDGF receptor polypeptide fragments will 
typically be generated either by direct expression of truncated 
nucleic acid sequences, or by standard protease treatment of a 
hPDGF receptor, preferably purified. Reagents are provided 
herein for either approach. 

As a diagnostic use, these reagents provide a method 
for measuring a PDGF or a PDGF receptor in a target sample, 
said method comprising the steps of: 

combining said target sample with a hPDGF receptor 
polypeptide segment; and 

determining the extent of binding between said 
polypeptide segment and said sample. 

This invention also provides a transf ormed cell, 
which is also includes progeny of the primary transf ormant f 
capable of expressing a polypeptide homologous to at least a 
segment of human PDGF receptor. A preferred embodiment is 
where the cell expresses a polypeptide homologous to 
substantially the entire extracellular region of a human PDGF 
receptor, including soluble proteins. 

V. Antibodies 

Polyclonal and/or monoclonal antibodies to the 
various PDGF receptors and peptide fragments may also be 
prepared. Synthetic peptide fragments may be prepared in a 
peptide synthesizer and coupled to a carrier molecule (e.g., 
keyhole limpet hemocyanin) and injected into rabbits at 
selected times over several months. The rabbit sera is tested 
for immunoreactivity to the PDGF receptor protein or fragment. 
Monoclonal antibodies may be made by injecting mice with hPDGF- 
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R protein, hPDGF-R polypeptides or mouse cells expressing high 
levels of the cloned PDGF receptor on its cell surface. 
Monoclonal antibodies will be screened by ELISA and tested for 
specific immunoreactivity with the PDGF receptor protein or 
polypeptides thereof. See, e.g., Harlow and Lane (1988) 
Antibodies: A Laboratory Manual , Cold Spring Harbor Press, New 
York, which is hereby incorporated herein by reference. These 
antibodies will be useful in assays, or as pharmaceuticals • 

Once a sufficient quantity of the desired hPDGF 
receptor polypeptide has been obtained, the protein will be 
used for various purposes. A typical use is the production of 
antibodies specific for binding to these receptors. These 
antibodies will usually be either polyclonal or monoclonal and 
will usually be produced by in vitro or in vivo techniijues, 
e.g., directed towards the goal of defining or recognizing 
particular antigenic determinants, or epitopes. Usually the 
epitopes will be provided by molecular shapes of contiguous 
amino acid residues, but may be sequentially non-contiguous but 
in close spatial proximity due to secondary or tertiary 
structure. In particular, a polypeptide epitope homologous to 
a sequence of at least six contiguous amino acids described in 
Table 2 or Table 3 will be a useful immunogen. The epitopes of 
most interest will be those from a signal segment or 
immunoglobulin domains found in the extracellular region, 
particularly those surrounding the PDGF ligand binding regions. 
However, other segments will also be important, including 
phosphorylation sites in the intracellular region, e.g., the 
kinase insert segment, phosphorylated or not. 

For production of polyclonal antibodies, an 
appropriate target immune system is selected, typically a mouse 
or rabbit. The substantially purified antigen is presented to 
the immune system in a fashion determined by methods 
appropriate for the animal and other parameters well known to 
immunologists. Typical sites for injection are in the 
footpads, intramuscularly, intraperitoneally , or intradermally. 
Of course, another species will sometimes be substituted for a 
mouse or rabbit, including goats, sheep, cows, guinea pigs, and 
rats. 




An immunological response is usually assayed with an 
immunoassay. Normally such immunoassays involve some 
purification of a source of antigen, for example, produced by 
the same cells and in the same fashion as the antigen was 
produced. The immunoassay will, in some instances r be a 
radioimmunoassay, an enzyme-linked assay (ELISA) , a fluorescent 
assay, or any of many other choices, most of which are 
functionally equivalent but may exhibit advantages under 
specific conditions. 

Monoclonal antibodies with affinities of 10 8 M" 1 
preferably 10 9 to lO 10 , or stronger will typically be made by 
standard procedures as described, e.g. , in Harlow and Lane, 
Antibodies: A Laboratory Manual , CSH Laboratory (1988) ; or 
Goding (1986) Monoclonal Antibodies: Principles and Practice 
(2d ed) Academic Press, New York; each of which is hereby 
incorporated herein by reference. Briefly, appropriate animals 
will be selected and the desired immunization protocol 
followed. After the appropriate period of time, the spleens of 
such animals are excised and individual spleen cells fused, 
typically, to immortalized myeloma cells under appropriate 
selection conditions. Thereafter the cells arie clonally 
separated and the supernatants of each clone are tested for 
their production of an appropriate antibody specific for the 
desired region of the antigen. 

Other suitable techniques involve in vitro exposure 
of lymphocytes to the antigenic polypeptides or alternatively 
to selection of libraries of antibodies in phage or similar 
vectors. See . Huse et al. (1989) "Generation of a Large 
Combinatorial Library of the Immunoglobulin Repertoire in Phase 
Lambda," Science 246:1275-1281, which is hereby incorporated 
herein by reference. The polypeptides and antibodies of the 
present invention may be used with or without modification. 
Frequently, the polypeptides and antibodies will be labeled by 
joining, either covalently or non-covalently, a substance which 
provides for a detectable signal. A wide variety of labels and 
conjugation techniques are known and are reported extensively 
in both the scientific and patent literature. Suitable labels 
include radionuclides, enzymes, substrates, cof actors, 



inhibitors, fluorescent moieties, chemiluminescent moieties , 
magnetic particles , and the like. Patents, teaching the use of 
such labels include U.S. Patent Nos. 3,817,837; 3,850,752; 
3,939,350; 3,996,345; 4,277,437; 4,275,149; and 4,366,241. 
Also, recombinant immunoglobulins may be produced, see Cabilly, 
U.S. Patent No. 4,816,567. 

Full length peptides or portions thereof will, in 
particular embodiments, be used for producing antibodies, 
either polyclonal or monoclonal. Antibodies are produced by 
immunizing an appropriate vertebrate host, e.g., mouse, with 
the peptide or fragment itself, or in conjunction with an 
adjuvant. Usually two or more immunizations will be involved, 
and the blood or spleen will be harvested a few days after the 
last injection. 

For polyclonal antisera, the immunoglobulins may be 
precipitated, isolated and purified, including affinity 
purification. For monoclonal antibodies, the splenocytes 
normally will be fused with an immortalized lymphocyte, e.g., a 
myeloid line, under selective conditions for hybridomas. The 
hybridomas will generally then be cloned under limiting 
dilution conditions and their supernatants screened for 
antibodies having the desired specificity. Techniques for 
producing antibodies are well known in the literature, see , 
e.g., Goding (1986) Monoclonal Antibodies: Principles ancj 
Practice (2d ed.) Academic Press, N.Y. , and Harlow and Lane 
(1988) Antibodies; A Laboratory Manual , Cold Spring Harbor 
Laboratory, New York, and are exemplified by U.S. Patent Nos. 
4,381,292, 4,451,570 and 4,618,577, which are each incorporated 
herein by reference. The antibodies generated therefrom may 
have many uses in dissecting the portions of the receptor 
responsible for various cellular responses and in the general 
processing and maturation of the receptor itself. Antibody 
agonists or antagonists might even be produced. 

Both proteins and fragments to serve as immunogens, 
and as reagents to determine the specificity of binding, are 
provided herein. 

VI. Methods for Use 
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The present invention provides a human platelet 
derived growth factor receptor (hPDGF-R) purification method as 
well as a method for synthesizing PDGF receptors within cells* 
Also provided are homogeneous receptors produced by these 
methods, nucleic acid sequences encoding the receptors or 
portions of the receptors, expression vehicles containing these 
sequences, cells comprising the PDGF-receptors , and antibodies 
to the receptors. Of particular interest are fragments of the 
receptors, which have functional binding sites which compete 
with receptors to bind particular ligands. See, e.g., 
Orchansky et al. (1988) "Phosphatidylinositol Linkage of a 
Truncated Form of the Platelet-derived Growth Factor Receptor" 
J. Biol. Chem. 263:15159-15165, which provides evidence that an 
extracellular region of the PDGF receptor can bind to. the PDGF 
ligands. Also provided are phosphorylated fragments or sites 
for phosphorylation which interact with other proteins 
important in cellular response to ligand binding. In 
particular, soluble extracellular region segments are provided. 

Transfected cells find use as a model for studying 
cellular responses to PDGF. For controlled investigation, 
mammalian cells which lack a PDGF receptor can be transfected 
with an expression construct comprising a DNA sequence encoding 
a hPDGF-R. Cells are produced that encode a receptor that is 
often functionally equivalent to the wild-type receptor and 
confer a PDGF -sensitive mitogenic response on the cell. In 
this way, the binding properties of the naturally-occurring 
PDGF will be analyzed, as well as fragments or synthetic 
compounds, both proteinaceous and non-proteinaceous. As 
demonstrated in the Experimental section, transfected cells 
were used to determine that the AA form of PDGF activates the 
type B receptor tyrosine kinase. The presence of the type A 
and type B receptor polypeptides in a single cell will 
facilitate the study. of receptor binding properties and perhaps 
even receptor interactions. 

In addition to studying PDGF-mediated mitogenesis, 
the transfected cells can be used to evaluate a drug's ability 
to function as a PDGF agonist or antagonist. In particular, 
transfected cells can be contacted with the test drug, and the 
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amount of response determined f e.g., receptor tyrosine kinase 
activation or the rate of DNA synthesis, as compared to control 
cells in the presence or absence of PDGF or analogs thereof. 
Alternatively, in a non-therapeutic environment, a method is 
provided for inhibiting binding between a PDGF analogue and a 
PDGF receptor present in a solution. This method will contain 
a step of adding a PDGF receptor peptide, e.g., a peptide 
homologous to a sequence described in Table 2 or Table 3 to the 
solution, or a mutation or modification of one. Binding 
affinity to variants of the PDGF will also be evaluated by such 
cells. The inhibition of binding will usually occur by 
competition or by interfering with binding, on either the 
receptor or the ligand. The assay will often make use of 
comparisons with and without test ligand, or by a displacement, 
assay, where the displacing ligand is added after binding 
occurs . 

However, as indicated above, the PDGF receptor likely 
functions in a dimer state. The soluble forms of the receptor 
may interfere with the dimerization and, in some embodiments, 
will be effective in blocking signal transduction by a 
different mechanism from competitive affinity for the PDGF 
ligands. The soluble, or intracellular or transmembrane 
fragments of the various receptor forms would interfere with 
dimer formation and thus blocks at least some types of, or some 
fraction of, signal transduction. 

This observation provides a method for modifying in 
vivo a PDGF receptor modulated activity comprising 
administering to a patient an amount of a PDGF receptor 
blocking agent effective to inhibit PDGF binding to PDGF 
receptors. Sometimes, the blockage wil occur at the level of 
ligand binding, by blocking the functional assembly of the 
receptor complex, or by blocking further interaction of the 
receptor with other proteins important in effecting cellular 
response, e.g., phosphotyrosine binding interactions. As 
discussed above, the PDGF family of proteins have a significant 
role in regulating many important physiological processes. The 
soluble PDGF-R polypeptides will generaly be effective in 
modifying the extent of PDGF modulation of these processes. 
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For this reason, the soluble forms of the receptors are useful 
as competitive binding sites for PDGF. Likewise, truncated 
PDGF binding sites or binding sites which have been mutated, 
particularly those from the human forms described, will 
sometimes be equally effective as natural forms, but at a 
lesser cost, both in monetary terms of and in terms of medical 
side-effects , upon administration. 

The reagents provided herein will also find use in 
the quantitative detection or diagnosis of PDGF analogues, or 
PDGF-like ligands for the receptors, or for PDGF receptor 
polypeptide production. Various medical conditions are 
indicated by an abnormal level of production of either of these 
proteins, including, e.g., various tumor conditions. Thus, 
diagnostic tests dependent upon these reagents are now 
available. 

With the different PDGF types, combining segments 
into chimeric receptors will form different types of receptors 
having variations in affinities for the various ligands. With 
the genes and proteins of the present invention, distinctions 
between various patterns and receptor types will be found, 
specific for various tissue types. Thus, tissue markers based 
upon differences in PDGF receptor expression would become 
available- 

Soluble fragments containing various regions of the 
extracellular region of the human PDGF receptor have been shown 
to retain high affinity specific binding as in the intact type 
B PDGF receptor. The extracellular region of the human 
receptor has been expressed at high levels in CHO cells and 
secreted into the medium. In the presence of ligand, the 
soluble extracellular fragments block the ability of BB-PDGF to 
initiate responses characteristic of a physiological mitogen 
response. The soluble fragments also retain high specificity 
in binding to only the BB PDGF, not altering the mitogenic 
effect by the AA PDGF. Additional experiments using the human 
extracellular region have shown that the fragments may be used 
as binding segments to assay, e.g., by competition, for the 
presence of ligands. These results suggest the possibility of 
treating various conditions which excessively respond to PDGF 
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such as atherosclerosis, osteosarcoma, and glioblastoma. The 
mitogenic response may be attenuated through use of the soluble 

extracellular fragments. 

The blocking of physiological response to PDGF 
5 results from the inhibition of binding of the ligand to the 
receptor, likely through competitive inhibition. Thus, in 
vitro assays of the present invention will generally use 
soluble fragments comprising the ligand binding segments of 
these receptors, or fragments attached to solid phase 
10 substrates. These assays will also allow for the diagnostic 
n determination of the effects of either binding segment 
O mutations and modifications, or ligand mutations and 
m modifications, e.g., ligand analogues. 

■jp The soluble fragments will also find use in testing 

Sis interaction of the receptor with modified ligands, e.g., 

I" biotinylated AA isoform or other PDGF forms. Another means for 

t: blocking ligand action will be to interfere with proper multi- 

lI protein receptor association, e.g. , dimerization, or 

HO intracellular region interactions with other proteins. In 

Hbo particular, it is demonstrated that particular phosphorylation 

jaws: 

events control interactions with other protein which mediate 
other cellular functions. Various assays for this are well 
known to those skilled in the art, and see below. 

Receptor components may be substituted by eguivalent 

2 5 or corresponding soluble fragments from the other type 

polypeptide, e.g., exchanging fragments from the type A and 
type B polypeptide forms, or from other related polypeptides, 
e.g., mouse receptors, or other related receptors. 

Moreover, because the type A homodimer binds all 

3 0 three forms of PDGF, the type A binding fragments exhibit 

substantial generality of ligand binding. The type A binding 
fragments are useful for preparing general PDGF binding 
reagents . 

The quantities of reagents necessary for effective 
3 5 therapy will depend upon many different factors, including 

means of administration, target site, physiological state of 

the patient, and other medicants administered. Thus, treatment 
dosages should be titrated to optimize safety and efficacy. 
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Typically, dosages used in vitro may provide useful guidance in 
the amounts useful for in situ administration of these 
reagents. Animal testing of effective doses for treatment of 
particular disorders will provide further predictive indication 
of human dosage. Various considerations are described, e.g. , 
in Gilman et al. (eds) (1990) Goodman and Oilman's: The 
Pharmacological Bases of Therapeutics , 8th Ed., Pergamon Press; 
and Remington's Pharmaceutical Sciences , 17th ed. (1990), Mack 
Publishing Co., Easton, Penn. ; each of which is hereby 
incorporated herein by reference. Methods for administration 
are discussed therein , e.g., for oral, intravenous, 
intraperitoneal, or intramuscular administration, transdermal 
diffusion, and others. Pharmaceutically acceptable carriers 
will include water, saline, buffers, and other compounds 
described, e.g., in the Merck Index, Merck & Co., Rahway, New 
Jersey. Because of the high affinity binding between PDGF and 
its receptors, low dosages of these reagents would be initially 
expected to be effective. Thus, dosage ranges would ordinarily 
be expected to be in amounts lower than 1 mM concentrations, 
typically less than about 10 concentrations, usually less 
than about 100 nM, preferably less than about 10 pM 
(picomolar) , and most preferably less than about 1 fM 
(femtomolar) , with an appropriate carrier. Slow release 
formulations, or slow release apparatus will often be utilized 
for continuous administration. The intracellular segments of 
the receptors, both the PDGF receptor and related receptors 
will find additional uses as described in detail below. 

The pharmaceutical compositions will be administered 
by parenteral, topical, oral, or local administration, such as 
by aerosol or transdermally , for prophylactic and/or 
therapeutic treatment. The pharmaceutical compositions can be 
administered in a variety of unit dosage forms depending upon 
the method of administration. For example, unit dosage forms 
suitable for oral administration include powder, tablets, 
pills, capsules and dragees. 

The pharmaceutical compositions will often be 
administered intravenously. Thus, this invention provides 
compositions for intravenous administration which comprise a 



solution of the compound dissolved or suspended in an 
acceptable carrier, preferably an aqueous carrier, A variety 
of aqueous carriers may be used f e.g. , water, buffered water, 
0.4% saline, and the like. These compositions will sometimes 
be sterilized by conventional, well known sterilization 
techniques, or may be sterile filtered. The resulting aqueous 
solutions may be packaged for use as is, or lyophilized, the 
lyophilized preparation being combined with a sterile aqueous 
solution prior to administration. The compositions may contain 
pharmaceutically acceptable auxiliary substances as required to 
approximate physiological conditions, such as pH adjusting and 
buffering agents, tonicity adjusting agents, wetting agents and 
the like, for example, sodium acetate, sodium lactate, sodium 
chloride, potassium chloride, calcium chloride, sorbitan 
monolaurate, triethanolamine oleate, etc. 

For solid compositions, conventional nontoxic solid 
carriers may be used which include, for example, pharmaceutical 
grades of mannitol, lactose, starch, magnesium stearate, sodium 
saccharin, talcum, cellulose, glucose, sucrose, magnesium 
carbonate, and the like. For oral administration, a 
pharmaceutically acceptable nontoxic composition is formed by 
incorporating any of the normally employed excipients, such as 
those carriers previously listed, and generally 10-95% of 
active ingredient, preferably about 20% ( see , Remington ' s . 
supra ) . 

For aerosol administration, the compounds are 
preferably supplied in finely divided form along with a 
surfactant and propellant. The surfactant should, of course, 
be non-toxic, and preferably soluble in the propellant. 
Representative of such agents are the esters or partial esters 
of fatty acids containing from 6 to 22 carbon atoms, such as 
caproic, octanoic, lauric, palmitic, stearic, linoleic, 
linolenic, olesteric and oleic acids with an aliphatic 
polyhydric alcohol or its cyclic anhydride such as, for 
example, ethylene glycol, glycerol, erythritol, arabitol , 
mannitol, sorbitol, the hexitol anhydrides derived from 
sorbitol, and the polyoxyethylene and polyoxypropylene 
derivatives of these esters. Often mixed esters, such as 
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mixed or natural glycerides will be employed. The surfactant, 
in some embodiments, will constitute 0.1%-20% by weight of the 
composition, preferably 0.25-5%. The balance of the 
composition is ordinarily propellant. Liquefied propellants 
are typically gases at ambient conditions, and are condensed 
under pressure. Among suitable liquefied propellants are the 
lower alkanes containing up to 5 carbons, such as butane and 
propane; and preferably fluorinated or f luorochlorinated 
alkanes. Mixtures of the above will sometimes also be 
employed. In producing the aerosol, a container equipped with 
a suitable valve is filled with the appropriate propellant, 
containing the finely divided compounds and surfactant. The 
ingredients are thus maintained at an elevated pressure until 
released by action, of the valve. 

The compositions containing the compounds can be 
administered for prophylactic and/or therapeutic treatments. 
In therapeutic applications, compositions are administered to a 
patient already suffering from a disease, as described above, 
in an amount sufficient to cure or at least partially arrest 
the symptoms of the disease and its complications. An amount 
adequate to accomplish this is defined as "therapeutically 
effective dose." Amounts effective for this use will depend on 
the severity of the disease and the weight and general state of 
the patient. 

In prophylactic applications, compositions containing 
the compounds of the invention are administered to a patient 
susceptible to or otherwise at risk of a particular disease. 
Such an amount is defined to be a "prophylactically effective 
dose." In this use, the precise amounts again depend on the 
patient's state of health and weight. 

In a particularly important aspect of the present 
invention, it was recognized that many growth factors mediate 
their pleiotropic actions by binding to and activating cell 
surface receptors with an intrinsic protein tyrosine kinase 
activity. Growth factor receptors with tyrosine kinase 
activity, or receptor tyrosine kinases, typically possess 
similarities in molecular topology. For example, they possess 
a large extracellular ligand binding region, a hydrophobic 



transmembrane region, and a cytoplasmic, i.e., intracellular, 
region that contains a tyrosine kinase catalytic domain. 
Receptor tyrosine kinases typically have a topology dictating 
that the ligand binding segments and protein tyrosine kinase 
activity are separated by the plasma membrane. Therefore, 
receptor activation due to extracellular ligand binding is 
translated across the membrane barrier into activation of 
intracellular region functions. 

The present invention takes advantage of the 
discovery that phosphorylation of particular amino acid 
residues in a polypeptide segment is important in certain 
protein-protein interactions. The phosphorylation state of 
residues within the regions of interaction, or coupling 
regions, modulate the interactions. In the case of the PDGF 
receptor and phosphatidyl inositol 3 1 kinase (PI3 kinase) 
interactions, the presence of a phosphotyrosine in the defined 
kinase insert sequence is important in the interacting between, 
e.g., binding between, the receptor and the PI3 kinase, thereby 
activating the PI3 kinase enzyme. An unphosphorylated KI 
segment fails, to bind a PI3 kinase activity. These 
observations will be generally applicable to the interaction of 
phosphorylated segments with other binding proteins. With the 
elucidation of the nature and specificity of these 
interactions, analogues, e.g., organic molecules, are prepared 
which serve as analogues to the peptides or phosphorylated 
peptides . 

Tyrosine kinases can be broadly classified into two 
groups, the transmembrane receptor kinases and the cytoplasmic 
non-receptor kinases, with most of the members of the second 
group belonging to the so-called src family of tyrosine 
kinases. The receptor kinases genes, including the PDGF 
receptor, share certain structural features, e.g., an amino- 
terminal signal peptide which is characteristic of membrane 
glycoproteins and a transmembrane segment which defines and 
separates the extracellular and the intracellular regions of 
the receptor protein. The amino-terminal portion of the 
receptor protein makes up the extracellular region which 
contains the ligand binding sites. The carboxy-terminal 



portion of the protein makes up the intracellular region of the 
receptor, on which the kinase activity is located. Receptor 
kinases are responsible for transducing a signal provided by 
ligand binding to the extracellular region into the 
intracellular compartment, and through cytoplasmic second 
messages, ultimately to the nucleus. 

Detailed comparison of established receptor tyrosine 
kinase (RTK) primary sequences has led to the identification of 
both shared and unique structural subdomains, or segments, 
which permit classification of the RTK family into distinct 
groups, see, e.g., Yarden and Ullrich (1988) Ann . Rev . Biochem . 
57:443-478; and Ullrich and Schlessinger (1990) Cell 61:203- 
212; each of which is incorporated herein by reference. 

The PDGF receptor is a member of one such subclass. 
These receptors, including macrophage growth factor (CSF-l-R) 
and the putative receptor c-kit share at least two distinct 
structural features. They lack cysteine-rich repeat clusters 
within their extracellular regions, and they possess another 
conserved repeat structure that includes five immunoglobulin- 
like repeats, suggesting a common architecture for the ligand- 
binding regions of the members of this receptor subclass. 

Furthermore, when compared with RTKs of other 
subclasses, the catalytic domains of members of this group are 
interrupted by long, structurally unique, hydrophilic, proline- 
rich insertion sequences of about 77-107 amino acid residues. 
This "kinase insert" (KI) , also referred to as a kinase insert 
region, divides the catalytic domain into two segments and is 
defined by homology to other tyrosine kinase domains. These KI 
sequences are highly divergent, even within each receptor 
subfamily, but are strongly conserved between evolutionarily 
distant species, such as chickens, cats and humans. Members of 
a related subclass, including the FGF receptor, fig, and bek, 
similarly have immunoglobul in-like repeats in their 
extracellular region, although only three in number, and kinase 
insert sequences of 10-19 residues located in the corresponding 
position of the tyrosine kinase segments. 

RTK ligands induce pleiotropic cellular responses, 
which in many cell types culminate in cell cycle progression, 
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DNA synthesis, and cellular replication. Upon ligand binding, 
numerous responsive membrane events are initiated, including 
stimulation of ion transport, glucose transport, membrane 
kinases, pinocytosis, membrane ruffling, and other cytoskeletal 
5 and morphological changes* These events are paralleled by 
activation of a number of cytoplasmic pathways, including 
glycolysis, polyamine synthesis, and ribosomal protein S6 
phosphorylation. Alterations in the pattern of specific gene 
transcription (e.g., c-mvc and c-fos ) are detectable within 
10 minutes, and increased macromolecular synthesis of protein, RNA 

and DNA is observed within about 3-2 0 hours after ligand 
H= binding. PDGF has the unique capability of stimulating both 
K protein kinase C, through an increased turnover of 
Rj phosphatidylinositol , and protein kinase A, through production 
£5 of type E prostaglandin. 

Q The importance of the correct regulation of receptor 

° function is emphasized by the fact that a large variety of 
M: structural alterations found in receptor-derived oncogene 
\^ products lead to constitutive activation and, consequently, 
[go subversion of molecular control mechanisms and alteration of 
□ receptor signals. The most common cellular lesion found in 

human cancers involves autocrine activation in conjunction with 
receptor overexpression. Many tumors and tumor cell lines have 
been found to coexpress growth factors and their receptors, 
25 including PDGF- A chain, PDGF-B chain, and PDGF receptor 

polypeptides. Autocrine receptor activation represents one 
scenario of subversion of normal growth control. In principle, 
every receptor with tyrosine kinase activity has oncogenic 
potential. Many more types of activating mutations, as well as 
3 0 specific instances of receptor tyrosine kinase overexpression, 
would be anticipated to be detected in animal and human tumors. 
The understanding and control of such defects in normal 
cellular metabolism and signal transduction will play an 
important role in the diagnosis and therapy of oncogenesis. 
3 5 When activated by ligand, the PDGF /3-receptor becomes 

phosphorylated on tyrosine residues. See, e.g. , Ek and Heldin 
(1982) J. Biol. Chem. 257: 10486; Frackelton et al . (1984) L. 
Biol. Chem. 259: 7909; Kazlauskas and Cooper (1989) Cell 58: 
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1121; and Yarden et al. (1986) Nature 323: 226-232. The 
mechanism of this "autophosphorylation" reaction appears to 
depend on ligand-induced formation of receptor dimers and a 
transphosphorylation reaction in which each of the two 
5 polypeptide chains of the dimer phosphorylates the other chain. 
The major sites of PDGF stimulated receptor phosphorylation are 
located in the carboxyl terminal portion of the tyrosine kinase 
domain, about tyr(825) in both the human and mouse type B 
receptor, and in the kinase insert region, about tyr(7l9) in 
10 both the human and mouse type B, that splits the kinase coding 
sequences into two parts. It is likely that additional sites 
Hi of autophosphorylation have not yet been identified. 
O One of the consequences of ligand-induced receptor 

L/} autophosphorylation appears to be a change in conformation of 
*pL5 the intracelluar region of the receptor. In its activated 
zd state the receptor can physically interact with several 
a cytoplasmic molecules that are likely to be important in signal 

jr: transduction. 

12 . Activation is also accompanied by complex formation 

J32 0 with, and tyrosine phosphorylation of, a variety of proteins. 
[2 The first to be described was a protein of 85 kD, which is a 
putative PI kinase and identical to a protein referred to as 
p81, see Kaplan et al. (1987) Cell 50:1021. Subsequently, a 
number of other proteins have been shown to complex with PDGF 
2 5 receptors and to become phosphorylated on tyrosine following 
PDGF stimulation. These include the serine/threonine kinase 
Raf-1, which becomes activated in the complex; see, e.g., 
Morrison et al. (1989) Cell 58: 649-657; and phospholipase C- 
7, see, e.g., Morrison et al. (1990) Mol. Cell. Biol. 10: 2359- 
30 2366; and GAP, the GTPase activating protein involved in the 
control of ras activity, see, e.g., Kaplan et al . (1990) Cell 
58: 1121-1133. PDGF treatment also enhances the kinase 
activities of some of these proteins. 

Recently, transient complex formation also has been 
2 5 shown to occur between three src family tyrosine kinases (pp60- 
c-src, p59-fyn, and pp62-c-yes) , p81, and PDGF receptors. In 

addition, PDGF treatment stimulates the tyrosine kinase 
activates of these proteins, suggesting that src family kinases 



may play a role in the response to PDGF. Phosphorylation on 
tyrosine residues likely activates the mitogenic potential of 
the target protein either by enhancing its enzymatic activity 
or by altering its interactions with other cellular proteins. 

The SH2 system provides possible guidance to 
particular mechanisms and properties which could be applicable 
to the PDGF receptors. Some non-receptor tyrosine kinases 
share a conserved noncatalytic region of approximately 100 
amino acids called the src homology region 2 (SH2) domain. The 
SH2 domains of the Fps and Src tyrosine kinases are thought to 
possibly interact with and regulate the adjacent kinase domain 
and may also form binding sites for proteins phosphorylated by 
the kinase domain. 

Phospholipase C-7 (PLC-7) and p21-ras GTPase- 
activating protein (GAP) each contain two adjacent SH2 domains. 
Recent experiments have shown that SH2 domains endow proteins 
such as GAP, v-Crk and p60-v-src with the potential to form 
complexes with specific tyrosine phosphorylated ligands. The 
relevance of these results to the PDGF-R was, until now, 
unclear. In the PDGF receptor embodiments, ligand-activated 
PDGF receptor induces the formation of a complex of signaling 
molecules including PLC-7 , ' Raf-1 , and the 85 kDa PI-3 kinase. 

One of the first of the signaling molecules to be 
identified as a receptor-associated protein was phosphatidyl- 
inositol-3 f kinase (PI3 kinase). This enzyme was originally 
found to be a kinase that co-immunoprecipitated with the 
complex of polyoma middle T antigen and the c-src protein, and 
with transforming v- src proteins. PI3 kinase activity was also 
found in phosphotyrosine or receptor immunoprecipitates of 
lysates from PDGF-stimulated cells. The specific role of PI3 
kinase in mediating cell proliferation has not been determined. 
However, the enzyme is regulated by a number of growth factors 
and growth factor-treated cells contain increased levels of 
phosphoinositides and inositol phosphates phosphorylated on the 
3 position of the inositol ring. Mutants of middle T antigen 
or the PDGF receptor that do not associate with PI 3 kinase are 
defective in their mitogenic activities. The protein 

responsible for the PI3 kinase activity has not been well 



characterized. However the close correlation of the enzymatic 
activity with the presence of an 81-85 kD protein in 
co-immunoprecipitation experiments with the middle T/c- src 
complex and with the PDGF receptor has strongly suggested that 
the 85 kD protein is either the PI3 kinase or an important 
subunit of the kinase. 

Definable regions of the PDGF receptor were capable 
of mediating the interaction with PI3 kinase, as evidenced by 
an analysis of a mutated type B PDGF receptor having a deletion 
of the kinase insert (KI) region. This receptor mutant (AKI) 
was defective in stimulating cell proliferation and in binding 
PI3 kinase, even though it had tyrosine kinase activity and 
stimulated several other responses to PDGF binding, including 
phospholipase C-mediated PI hydrolysis. Recent studies have 
shown that the ligand-activated AKI mutant receptor fails to 
bind PI3 kinase, but binds as much PLC — y and the c-Raf-1 
proteins as the wild type receptor. However, the mutant 
receptor is unable to phosphorylate c-Raf-1 on tyrosine 
residues and the binding of PLC-7 required tyrosine 
phosphorylation of the receptor. A mutant of the human type B 
PDGF receptor that had one of the phosphorylation sites in the 
kinase insert domain, tyr(719) in both the human type B 
receptor, converted to phenylalanine was also defective in 
binding PI3 kinase. These experiments indicate that either the 
PI3 kinase binds directly to a portion of the kinase insert 
region containing tyr(719) or that the binding interaction 
involves other portions of the receptor that are 
conformational ly dependent on sequences in the kinase insert 
region. 

To directly study the interaction between the type B 
PDGF receptor and PI3 kinase, an in vitro system was 
established. With this system, it was possible to test the 
ability of synthetic polypeptides derived from receptor 
sequences in the kinase insert domain to block interaction of 
the PI3 kinase with the PDGF receptor. The interaction could 
be blocked by a tyrosine-phosphorylated peptide representing a 
highly conserved region of the kinase insert domain that 
included tyr(719) . However the peptide blocked PI 3 kinase 



binding to the PDGF receptor only when the peptide was 
phosphorylated on tyrosine. Scrambled versions of the peptide, 
even when phosphorylated on tyrosine, had no blocking activity. 
These studies show that phospho tyrosine in a specific sequence 
context serves as a recognition site for the binding of a 
cytoplasmic signaling molecule. 

An in vitro system was used to study the interaction 
of PDGF receptors and PI3 kinase. The association of 
phosphoproteins with the PDGF receptor is demonstrated by 
stimulating 3T3 cells with PDGF, immunoprecipitating cell 
lysates with type B PDGF receptor antibodies and by examining 
the immunoprecipitates for the presence of receptor-associated 
proteins that can be phosphorylated in the immunoprecipitates. 
See Fig. la M +" lanes. These phosphoproteins include _the 85 
kDa protein and a 110 kDa protein that have recently been 
correlated with PI3 kinase activity. See Fig. 1c. In in vitro 
experiments, the type B PDGF receptor was expressed in an 
insect cell expression system, partially purified, and 
immobilized using anti-receptor antibodies and protein A 
Sepharose. The receptor was allowed to autophosphorylate in 
vitro, so that it would be in a conformation that mimicked the 
ligand-activated state of the receptor. Cytoplasmic cell 
lysates from density-arrested BALB/c 3T3 cells were mixed with 
the immobilized receptor and the complexes were washed 
extensively. PI3 kinase activity was found in the complex of 
proteins associated with the receptor (Fig. Id) . The receptor- 
associated phosphoproteins were detected by an in vitro kinase 
assay using 32 P-ATP. See Fig. lb "-" lane. At least four 
receptor-associated proteins with apparent molecular weights of 
14 0 kD, 12 0/110 kD (sometimes a doublet) , 85 kD and 74 kD were 
radiolabeled (the bands at 160 kD and 150 kD are the 
baculovirus-expressed receptor and its precursor, 
respectively) . The 140 kD band has been previously identified 
as PLC-7 and the band at 74 kD includes the raf-1 kinase and 
probably another molecule as well. The 85 kD protein 
co-migrated with the 85 kD band, previously considered to be 
PI3 kinase, in anti-phosphotyrosine immunoprecipitates of cell 
lysates prepared from PDGF-stimulated cells. The association 



of 85 and 110 kD proteins with the baculovirus-expressed 
receptor was also observed by silver stain analysis. When cell 
lysate was incubated with immobilized kinase insert deletion 
mutant of the PDGF receptor there was no associated PI3 kinase 
activity, and the 110 kD and 85 kD phosphoproteins did not 
associate with the mutant receptor . See Fig. 2a and A2b. This 
in vitro result is consistent with previous indications that 
this receptor mutant does not associate with PI3 kinase in 

intact cells. 

When 3T3 cells were stimulated with PDGF prior to 
making the lysates, there was a dramatic reduction in the 
amount of PI3 kinase available for association with the 
receptor in vitro (Fig. Id) and a concomitant reduction in the 
association of the 85 kD and 110 kD phosphoproteins with the 
receptor (Fig. lb H +« lane) . Although the explanation of this 
phenomenon is not entirely clear, the observation that PDGF 
pretreatment of cells influences the subsequent in vitro 
association of cellular proteins with the receptor indicates 
that the associations are specific PDGF-regulated processes. 

When the autophosphorylated PDGF receptor was 
dephosphorylated in vitro using potato acid phosphates (PAP) it 
lost the ability to associate with PI3 kinase activity or 84 kD 
protein derived from the BALB/c 3T3 cell lysates (Fig. 3b 
and c) . This finding indicates that phosphorylation of the 
PDGF receptor was required for these protein interactions to 
occur . 

To identify the site of interaction between the 
receptor and the PI3 kinase, phosphorylated synthetic peptides 
were prepared to compete for the binding of the 85 kD protein 
and the PI 3 kinase activity to the receptor in vitro. Previous 
data suggested that the kinase insert region was involved in 
the association of the PI3 kinase activity with the PDGF 
receptor. In scanning sequences from the kinase insert regions 
of the mouse and human PDGF type B and type A receptors, a 20 
amino acid region of particularly high sequence homology (8 out 
of 2 0 identities for the human and mouse PDGF type B receptor 

compared to 12% identity for the entire kinase insert region) 
was found. A peptide (Y719) containing amino acids 705 to 724 



of the mouse "type B PDGF receptor sequence was synthesized. 
This peptide sequence contained two tyrosine residues, Y708 and 
Y719. The tyrosine at position 719 of the mouse sequence also 
corresponds to tyr(719) in the human type B PDGF receptor, a 
known autophosphorylation site of the receptor. 

To- determine the ability of a series of synthetic 
peptides derived from this sequence to block the interaction 
between the receptor and the 85 kD/PI3 kinase activity, 3T3 
lysates were incubated with the different peptides prior to 
mixing with immobilized receptor. The results of these 
experiments are shown in Fig. 4. The first lane of Fig. 4a 
shows phosphorylated proteins that associated with the wild 
type receptor in the absence of peptides. The arrow indicates 
the position of the 85 kD protein that co-purified with the PI3 
kinase activity. The other lanes show the proteins that 
associated with the receptor in the presence of derivatives of 
the Y719 peptide. See Table 4. No change in the pattern of 
receptor-associated protein was seen when the unphosphorylated 
719 peptide (Y719) was preincubated with the 3T3 lysate prior 
to the association with the receptor. By contrast when a 
derivative of this peptide that was phosphorylated at position 
719 (Y719P) was added to the incubation, it blocked the binding 
of the 85 kD phosphoprotein (Fig. 4a) and inhibited the 
association of PI3 kinase activity (Fig. 4b) with the receptor. 
A scrambled version of this peptide that contained 
phosphotyrosine at a position corresponding to 719 but had a 
rearranged primary sequence failed to block binding of the 85 
kD protein and did not prevent the association of PI3 kinase 
activity with the receptor. 
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TABLE 4 

PDGF Receptor Synthetic Peptides 



Pe ptides 



Sequence 



Y719 



GGYMDMSKDES IDYVPMLDM 



10 Y719P 



GGYMDMS KDES I D YVPMLDM 



Y708P 



GGYMDMS KDES I D YVPMLDM 



S*S ;: 



C2o 



Y719P short 



Y708P short 



Y708P/F719 



MDMS KDE S I D YVPMLDM 



GGYMDMS KDES ID 



GGYMDMS KDES I DFVPMLDM 



L25 Y708/Y719P 



Y708P/Y719P 



GGFMDMSKDES IDYVPMLDM 
GGYMDMS KDES I D YVPMLDM 



30 



Y719P scrambled 



MMDI KVPMDE YMS DY S DLGG 



3 5 The asterisks (*) indicate the position of a phosphate group 



+ 



A shorter version of peptide Y719P that includes only 
14 amino acids (Y719P short) and lacked tyrosine 708 also 
blocked binding of the 85 kD protein (Fig. 4a r lane 4) and 
inhibited the association of PI3 kinase activity with the 
receptor. Surprisingly, a peptide that includes tyrosine at 
position 719 and phosphotyrosine at position 708 blocked the 
interaction of PI3 kinase with the receptor (Fig. 4, lane 6). 
This finding suggests the possibility that tyrosine 708 is one 
of the autophosphorylation sites of the receptor that has not 
yet been mapped. A peptide that included phosphotyrosine at 
both positions 708 and 719 (Y708P/Y719P) also blocked binding 
of the 85 kD protein (Fig. 4, lane 8). Short forms of Y708P 
and Y719P also had blocking activity (Fig. 4 lanes 4 and 9) . 

To determine the amount of peptide necessary to block 
the association of the 85 kD and the PI3 kinase activity to the 
receptor, the 3T3 lysates were preincubated with a range of 
concentrations of phosphorylated peptide (Y719P) . As shown in 
Fig. 5, approximately 5 fM of Y719P was suf f icient^ to block 
more than 50% of the association of the 85 kD protein (Fig. 5a) 
and PI3 kinase activity (Fig. 6B) with the receptor. 
Concentrations of up to 100 fin of unphosphorylated peptide did 
not affect association between the receptor and the PI3 kinase. 
Thus the coincident blocking of 85 kD and PI3 kinase activity 
association with the receptor by peptide Y719P supports the 
hypothesis that the 85 kD protein is a subunit of the PI3 
kinase enzyme. 

Next, the ability of peptides to block the 
association of other signaling molecules with the receptor was 
assessed. Lysates from 3T3 cells were incubated in the absence 
or the presence of peptide Y719P prior to association with the 
receptor immunoprecipitates . The association of PLC-7 and GAP 
with the receptor was determined by immunoblot analysis using 
specific antibodies (Fig. 6) , confirming previous studies that 
these molecules specifically associate with autophosphorylated 
receptors. The association of these proteins with the receptor 
was not affected by the addition of the phosphorylated peptide, 
Y719P. Thus the Y719P peptide specifically blocked association 
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of 85 kD/PI3 kinase activity with the receptor and did not 
affect the interaction of the receptor with GAP or PLO7. 

To determine the nature of the interaction of the 
receptor with the 85 kD protein, a modification of Western 
blotting methodology was used. PDGF receptor from Sf9 cells 
infected with PDGF receptor baculovirus was immuno precipitated 
with receptor antibodies, labeled with 32 P ip vitro, and used 
as a probe to bind proteins from 3T3 cell lysates that had been 
separated electrophoretically and transferred to 
nitrocellulose. The radiolabeled PDGF receptor bound directly 
to an 85 kDa protein in unstimulated 3T3 cell lysate (Fig. 7, 
lane 1) . Cell lysates from PDGF-treated 3T3 cells did not show 
any binding when incubated with the radiolabeled PDGF receptor, 
(Fig. 7, lane 2) consistent with the finding that the. 85 kD 
protein from PDGF-stimulated lysates was not available for 
association with the immobilized PDGF receptor (Fig. lb). When 
the nitrocellulose paper that contained cell lysate proteins 
was pre-incubated with peptide Y719P, the radiolabeled receptor 
failed to associate with the 85 kD protein (Fig. 7, lane 4). 
The unphosphorylated peptide (Y719) or the scrambled peptide 
(Y719P scrambled) did not interfere with the association of the 
receptor with the 85 kD protein (Fig. 7, lanes 3 and 5). This 
experiment showed that the 8 5 kD protein (Fig. 7, lanes 3 and 
5) . This experiment showed that the 85 kD protein binds 
directly to the PDGF receptor and does not require the presence 
of other molecules. The direct binding interaction appears to 
involve the 2 0 amino acid segment in the kinase insert region 
containing tyrosine 719, and tyrosine phosphorylation of this 
segment appears to be necessary for the interaction. 

These results indicate that the intracellular region 
of the type B PDGF receptor interacts with molecules that are 
likely to play a role in signal transduction. The physical 
association between the receptor and signaling molecules such 
as PI 3 kinase, PLC -7 , GAP, and raf-1 only occurs when the 
receptor is phosphorylated on tyrosine. See Fig. la. A region 
of the receptor that is involved in the binding of the receptor 
to the PI3 kinase has been defined. Short peptides were used 
to block the in vitro association of PI3 kinase with the 
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phosphorylated receptor. The most likely explanation for the 
ability of the peptides to block the association is that they 
mimic the receptor and bind directly to the PI3 kinase. In 
this way they act as competitive antagonists. The observation 
that only tyros ine-phosphorylated peptides had this blocking 
activity suggests that phosphotyrosine is directly involved in 
the binding of the receptor to PI3 kinase* However 
phosphotyrosine alone is not sufficient for binding , since 
scrambled peptides containing phosphotyrosine did not interact 
with the PI3 kinase. Therefore the primary sequence of this 
portion of the receptor has essential structural information 
that is required for the binding of the receptor to PI3 kinase. 
It is somewhat surprising that peptides as short as 13 amino 
acids contained enough structural information to mimic the 
native receptor region that normally binds to the PI3 kinase 
(Table 4) . 

Tyrosine 719 of the type B PDGF receptor is one of 
the autophosphorylation sites of the receptor in intact cells 
as well as in vitro . Thus, it appears that the portion of the 
KI domain around tyrosine 719 is directly involved in the 
association of PI3 kinase with the receptor in vivo . The data 
presented herein indicate that peptide derivatives of Y719 
containing one of the two tyrosine residues phosphorylated 
(Y708P or Y719P) efficiently prevented the association of the 
receptor with the PI3 kinase in in vitro assay. Similar 
sequences and interactions are subject to blockage by the 
appropriate fragment sequences. In particular, sequences known 
to be phosphorylation sites will be used to select for 
analogues which block interaction with other mediating 
proteins. The PI 3 kinase is known to associate with the c-fras 
protein and with the middle T antigen, and both of these 
proteins are phosphorylated on tyrosine in vivo . A 
phosphorylation site of the middle T antigen (tyrosine 315) is 
in a sequence somewhat homologous (5 out of 10 amino acids are 
identical) to the peptide Y719P used in our experiments. There 
is no obvious homology of peptide Y719P to any of the tyrosine 
phosphorylation sites on the c- fms protein. However peptide 
Y719P blocked association of PI3 kinase with the c- fms protein 



in vitro . Thus an autophosphorylation site of the c-fms 
protein is in a region that has a secondary structure that is 
similar to the corresponding domain of the PDGF receptor. 

These findings indicate that signaling molecules 
recognize phosphotyrosine in a specific sequence context. The 
pattern of interactions of the kinase insert deletion mutant 
with GAP, PLC— 7, and c- raf -1 and the lack of ability of the 
peptides used in this report to block GAP and PLC-7 association 
with the receptor shows that different regions of the receptor, 
possibly containing different autophosphorylation sites, are 
involved in the binding of specific signaling molecules. The 
binding of these molecules to the receptor localize the 
signaling molecules and regulate their activities. Tyrosine 
phosphorylation of other cellular proteins by the receptor 
kinase targets them as proteins for binding signaling molecules 
and the present invention provides the methods and materials 
for generating reagents which will successfully mimic or 
interfere with natural signals. For example, fragments from 
the hPDGF-receptor, or related tyrosine kinase proteins, will 
be useful to block the natural interactions between them and 
function-mediating proteins. See, e.g., Williams (1989) 
Science 243: 1564-1570; Yarden et al. (1986) Nature 323: 226- 
232; and GenBank", for other sequences and proteins which show 
homology, both structural and functional, with the 
phosphorylated inserts described herein. 

This discovery leads the way to the production of 
analogues of the KI segments. For example, short peptides 
having non-hydrolyzable moieties will often be produced with, 
e.g., sulfonated moieties substituted for phosphorylated 
moieties. Alternatively, other organic molecules exhibiting 
sufficient structural homology will often be selected for their 
functional interaction with the PI3 kinase or other function 
mediating proteins. In addition, chimeric analogues, portions 
of which are peptide, or modified peptide, and other portions 
of which are organic molecules which have similar structural 
features which are important for interaction, will be 
constructed. Thus, molecules exhibiting particular interacting 
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features become available, including both natural or 
synthetically generated compounds. 

The invention will better be understood by reference 
to the following illustrative examples. The following examples 
are offered by way of illustration and not by way of 
limitation. 
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EXPERIMENTAL 

In general, standard techniques of recombinant DNA 
technology are described in various publications, e.g., 

Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual. 

Cold Spring Harbor Laboratory; Ausubel, et al. (1987) Current 
Protocols in Molecular Biology , vols. 1 and 2 and supplements; 
and Wu and Grossman (eds.) (1987) Methods in Enzymology Vol, 53 
(Recombinant DNA Part D) ; each of which is incorporated herein 
by reference. Variations, if any, on those methods have 
generally been minor. 

I. Screening of Human Kidney AGT11 cDNA Library and 

Human Placenta ACTIO cDNA Library 

A full-length DNA sequence encoding the mouse PDGF 
receptor (mPDGF-R) protein was used as a probe to screen 

250,000 plaques of a human kidney cDNA library. Nick 
translation was used to prepare a probe with specific activity 
of 12 x 10 3 cpm per /xg. The filters were incubated with the 
probe (10 5 cpm per ml) in hybridization buffer containing 30% 
fonnamide, IX Denhardt 1 s solution, 5X SSC, 0.02 M sodium 
phosphate pH 6.5, and 500 /xg per ml of salmon sperm DNA, After 
14 h of hybridization at 40 *C, the filters were washed four 
times at 55 °C with 0.2X SSC and 0.1% SDS and two additional 
times at 65 °C with 0.2X SSC. The filters were then air dried 
and exposed for 16 h. 

Ten positive clones were obtained which were 
rescreened with the full-length mPDGF-R probe. Individual 
clones were isolated and analyzed by restriction analysis using 
EcoRI endonuclease. The clone containing the largest insert 
(2.3 kb) , designated clone HK-6, was further characterized and 
sequenced using dideoxy terminators. Clone HK-6 contained the 
receptor sequence from nucleotide 3554 to nucleotide 5691 plus 
nine bases from the poly-A tail. 

A nick-translated probe, prepared from the 2.3 kb HK- 
6 DNA, was used to screen 250,000 plaques of a human placenta 
cDNA library. This screening was performed at high 
hybridization stringency (50% fonnamide in the hybridization 
buffer described above) . The filters were incubated with 5 x 



icr cpm per ml of probe for 14-16 h at 42 •C. The filters were 
than washed at 65 # C in 0.1% SSC and 0.1% SDS four times. 

After secondary screening with the HK-6 probe, seven 
clones were selected and analyzed by restriction digestion with 
EcoRI endonuclease. A clone (HP-7) that contained a 4.5 kb 
insert was selected and characterized. The sequence of that 
clone is described in Table 2 and encodes the type B human PDGF 
receptor (B-hPDGF-R) . 

II. Construction of Expression Vector 

The 4 . 5 kb DNA fragment containing the complete 
coding sequence for the type B human PDGF receptor was isolated 
from the HP-7 clone by Eco RI digestion. The gel purified 
fragment was cloned into the Eco RI site in the polyrinker 
region of SV4 0 expression vector PSV7C. The pSV7d expression 
vector, obtained from P. Luciw, at the University of 
California, Davis, was a pML derivative containing the SV40 
early promoter region (SV40 nucleotides 5190-5270) , a synthetic 
polylinker with restriction sites for EcoRI, Smal, Xbal, and 
Sai l followed by three translation terminator codons (TAA) and 
the SV40 polyadenylation signal (SV40 nucleotides 2556-2770) 
(Truett et al . (1984) DNA 4:333-349). The Eco RI fragment 
containing «the cDNA sequence obtained from the HP-7 clone was 
inserted at the Eco RI site of the pSV7d. In the resulting 
expression vector, the B-hPDGF-receptor gene was under 
transcriptional control of the SV4 0 promoter. 

To ensure the proper orientation of the PDGF receptor 
insert (4.5 kb) with respect to the SV40 promoter, ' the positive 
clones were digested with Sma l endonuclease which cuts at 
position 573 of the receptor sequence and in the polylinker 
region of the expression vector. 

Clones containing the receptor in the proper 
transcriptional orientation released a 4 . 0 kb insert in 
addition to the 3.2 kb fragment containing the expression 
vector plus 573 base pairs of the 5 1 end of the receptor. This 
plasmid, PSVRH5 was used to co-transfect cells with PSV2 neo 
plasmid that confers resistance to the antibiotic neomycin. 
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III. Cell Culture and Transfection of CHO Cells 

CHO cell clone KI , obtained from the U.C.S.F. Tissue 
Culture Facility, were grown in Ham's F-12 media supplemented 
with 10% FCS (UCSF Tissue Culture Facility) and penicillin and 
streptomycin at 37 °C in 5% C0 2 /95% air. 

pSVRHS plasmid DNA (10 Mg) and pSV2 neo (1 /ig) were 
used to co-transfect 1 x 10 6 CHO cells by the calcium 
precipitation technique of Van der Eb et al . (1980) , Methods in 
Enzvmolooy (1980) 65:826-839, with the addition of 10 jig 
chloroquinone diphosphate (CDP) to prevent degradation of the 
transfected DNA. After 12 h of exposure to the DNA, the cells 
were trypsinized and replated at 1:5 dilution. Twenty-four 
hours later, the antibiotic G418 (GIBCO) , an analog of 
neomycin, was added to the cultures at a concentration of 400 
Mg/ml . 

After two weeks under selection, independent colonies 
were picked and transferred to 24-well plates. Confluent 
cultures were assayed for the presence of PDGF receptor by 
immunoblot using anti-receptor antibodies. Colonies that were 
positive by this assay were single-cell cloned by end-limiting 
dilution. 

Stable transfected clones were tested for the 
expression of the type B PDGF receptor message measured by RNA 
protection assays and for the presence of PDGF-stimulated 
receptor protein detected by anti-phosphotyrosine antibodies. 

IV. Expression of B-hPDGF-R cDNA in CHO Cells 

CHO cells transfected with plasmid DNA containing the 
human receptor cDNA under the transcriptional control of the 
SV40 early promoter (CHO-HR5) and CHO cells transfected with a 
similar plasmid containing the mouse receptor cDNA (CHO-R18) 
were solubilized as previously described by Escobedo et al. 
(1988) J. Biol, Chem. 263:1482-1487. Extracts were analyzed by 
Western blot analysis using an antibody that specifically 
recognizes sequences in the receptor carboxyl-terminal region 
as previously described by Escobedo et al . (1988) J. Biol. 
Chem . ; and Keating et al. (1987) J. Biol. Chem. 262:7932-7937. 



The 195 kDa protein is the mature receptor and the 160 kDa 
protein is the receptor precursor. 

The expression of the receptor protein in the 
transf ectants was demonstrated by using antibodies that 
recognize an intracellular sequence in the receptor. The clone 
that had the highest level of human receptor expression was 
chosen for further study. This transf ectant had receptors that 
were labeled with 12 5 I -PDGF as shown by the competitive binding 
studies described below. 

V. Competitive Binding of the Different Forms of PDGF to 

the Type B Receptor 

The ability of the human recombinant AA and BB 
homodimers to compete for the type B receptor sites and 
displace I-labeled PDGF (prepared as described below) was 
studied. Each homodimer was produced selectively by a yeast 
expression system and was purified from yeast media that is 
devoid of other mesenchymal cell growth factors, thus avoiding 
the artifact of contamination by factors that might be present 
in mammalian expression systems. 

BALB/c 3T3 cells and CHO transf ectants (CH0-HR5) were 
incubated with 125 I-PDGF in the presence of increasing 
concentrations of AA or BB. Binding was carried out at 37 # C 
for 4 5 min in whole cell suspension. Unbound, radiolabeled 
PDGF was removed by centrifugation on a Ficoll gradient Non- 
specific binding, determined by incubating CHO cells with 125 i- 
PDGF, accounted for 25 percent of the bound radioactivity. 

The binding study demonstrated that the transfected 

cells can be used as a model to study the interaction of hPDGF 

with its receptor. In particular, this study demonstrated that 

the transfected type B human receptor was functionally 

equivalent to the native mouse receptor as indicated by the 

following results. Both AA and BB forms of PDGF competed for 
125 

the I-PDGF labeled sites in the human receptor 
transf ectants. For the transfected type B human receptor as 
well as the native mouse receptor, the BB form was of higher 
affinity than the AA form. When expressed in yeast, the AA 
form of PDGF may be processed aberrantly, giving it a lower 
affinity than the BB form for both the transfected cells and 
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mouse 3T3 cells. The consistency of the pattern of competition 
shows that the AA form interacts with the transfected type B 
human receptor in the same way as it does with the native mouse 
receptor and demonstrates that these receptors are functionally 
equivalent, 

VI. Activation of the PDGF Re ceptor Tyrosine Kinase 

The ability of recombinant AA and BB homodimers and 
of human partially purified AB PDGF to activate the type B 
receptor tyrosine kinase was studied. The yeast-derived AA and 
BB homodimeric forms and the platelet-derived AB form 
stimulated autophosphorylation of the transfected human 
receptor. 

BAIiB/c 3T3 cells and CHO cells transfected .with the 
human PDGF receptor cDNA (CHO-HR5) were incubated with 
increasing amounts of the different forms of PDGF (AA, BB and 
AB) . Following polyacrylamide-SDS electrophoresis, the 
phosphorylated receptor was identified by Western blot using an 
anti-phosphotyrosine antibody* 

The receptor protein co-migrated with the 2 00 kDa 
molecular weight marker. The concentration of each form that 
was effective in stimulating autophosphorylation of the 
transfected human receptor was equivalent to the concentration 
that gave a similar autophosphorylation to the native mouse 3T3 
receptor or the transfected mouse receptor. 

These results showed for the first time that the AA 
form of PDGF activates the receptor tyrosine kinase of the type 
B receptor. Prior to use of the transfected cells, there was 
no demonstration that the AA form had hPDGF activity or that a 
single receptor, the type B receptor, was capable of 
recognizing all three forms of PDGF. Further, the results 
demonstrate that the human cDNA encodes a type B receptor that 
is functionally equivalent to the wild-type receptor that is 
responsible for PDGF-stimulated tyrosine kinase activity in 

mouse 3T3 cells. 

Thus, the transfected cells are useful models for 

studying PDGF- induced mitogenic responses. 
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VII. Rate of DNA Synthesis in cho Transfected Cells 

BALB/c 3T3 cells and CHO cells transfected with the 

type B human PDGF receptor cDNA (CH0-HR5) were incubated with 
saturating concentrations of the three forms of PDGF. 
5 Untreated cells and cells treated with fetal calf serum (FCS) 
were used as negative and positive controls, respectively. The 
level of 3 H-thymidine incorporation into DNA was determined by 
measuring the radioactivity of the acid-precipitable material 
as previously described. 
10 Transfection of CHO cells with either type B human or 

mouse PDGF receptor conferred a PDGF-sensitive mitogenic 
b response. All forms of PDGF stimulated DNA synthesis in both 
K the type B human receptor trans feet ant and the mouse cells 
K bearing the native receptor. ' i_ 

Hi " 

2.5 These data showed that the A chain homodimer and the 

O B chain homodimer, like the AB platelet-derived form, were 

u mitogens that can act through the receptor encoded by the type 

M: B human cDNA sequence. The mitogenic action of these forms of 

ftJ PDGF on mouse 3T3 cells and CHO cells containing the 

[j2 0 transfected type B human receptor demonstrate that the 

O responses were mediated by functionally equivalent receptors. 

VIII. Isolation and Expression of the Type A PDGF Receptor 

2 5 The type A receptor was isolated as described for the 

type B receptor, above, except that different probes were used 
and hybridization and screening were performed under low 
stringency conditions, as described below. In particular, a 
region in the type B receptor tyrosine kinase sequence having a 

3 0 high degree of homology to published tyrosine kinase amino acid 

sequences was identified and had the amino acid sequence, 
HRDLAARN. Oligonucleotide probes encoding the tyrosine kinase 
consensus sequence were prepared having the following 
sequences: 

3 5 GTT (G/C) CGXGCXGCCAGXTC (G/C) CGXTG , 

where G/C indicates either G or C was used and X indicates any 
of A, T, C or G was used. The human placenta AGT10 cDNA 
library was screened as described above but with low stringency 
conditions using a buffer with 6X SSC 0.1% SDS and 5X 



Denhardt's solution at 42 # C as follows. Filters were screened 
by washing at 52 *C in 2X SSC. A clone encoding the type A 
receptor was isolated and sequenced by the procedure described 
for the type B receptor gene. 

The DNA sequence of the gene encoding the type A 
receptor (A-hPDGF-R) together with the deduced amino acid 
sequence are shown in Table 3, above. 

The clone encoding A-hPDGF-R was digested, gel 
purified and inserted into the SV40 expression vector, pSV7C, 
as described for the type B receptor clone* 

That vector is used to transfect CHO cells as 
described above for the type B receptor. With expression of 
the vector coding sequence, transfected CHO cells produce a 
functional receptor that binds all three -hPDGF forms,— 
preferentially binding the AA homodimer. 

IX. Extracellular Murine PDGF-R Fragments Construction of 

pSV-SRXld Expression Vector and Trans feet ion of DUKX- 
Bll Cells With a Murine Extracellular Region 
To express the secreted extracellular region (XR) of 
PDGF type B receptor (type B PDGF-R), a cDNA clone of the 
murine PDGF-R was mutagenized to introduce a Stu I restriction 
site between codons 500 and 501, changing codon 500 from valine 
to arginine. The 1.7 kb EcoRI-Stu I fragment was inserted into 
pIBI-25 (IBI) which added an in-frame proline codon followed by 
a stop codon at the C-terminus. The 1.7 kb Eco Rl-Xba I 
fragment was transferred to pSV-7DHFR in which the XR 
expression was driven by the SV-4 0 early promoter and the 
amplifiable marker, a dihydrof olate reductase (dhfr) 
transcriptional unit, was driven by an Adenovirus major late 
promoter. The complete plasmid encodes the signal sequence and 
the first 499 amino acids (the extracellular region) of the 
PDGF-R, followed by arginine, proline and stop codons. 

The cDNA was expressed in dhf r-def icient CHO mutant 
cells, DUKX-B11. DUKX-B11 cells were transfected to 10-cm 
tissue culture plates with 5 /ig of pSV-SRXld plasmid and 
selected for expression with nucleoside-f ree MEM-a (Gibco) 

supplemented with. 10% dialyzed calf serum , 200 /-ig/ml proline, 



100 U/ml penicillin, and 100 yg/ml streptomycin. Colonies were 

* • 

picked and screened by analyzing the conditioned media by SDS- 
PAGE and Western blotting with a polyclonal PDGF-R antibody 
directed against the extracellular region of the receptor 
(Ab77) . 

Amplification of murine extracel lular region expression by 
methotrexate 

Positive transf ectants were treated sequentially with 
increasing concentrations of methotrexate starting at 1, 2, 5, 
and 10 nM. Colonies from the highest concentrations were then 
treated with 10 fold higher concentrations of methotrexate (20, 
50, and 100 nM) . Colonies from the highest concentrations were 
again picked and treated with increasing concentrations of 
methotrexate. The conditioned media from colonies at each 
stage were analyzed by SDS-PAGE and Western blotting with an 
anti-PDGF-R Ab (Ab77) for expression of the extracellular 
region protein. Methotrexate-resistant (5 /iM) cells that 
secreted highest amount of the extracellular region protein 
were named DPXR (DUK-PDGF-R extracellular region) cells. 

Enzymatic treatments of the extracellular region 
protein with O-glycanase (Genzyme Co.) and N-glycanase (Genzyme 
Co.) were performed. Briefly, extracellular region protein 
partially purified with wheat germ agglutinin (WGA) affinity 
chromatography (50 nM, in 20 mM sodium phosphate, pH 7.4) was 
incubated with N-glycanase (10 U/ml) overnight at 3 7 *C and then 
with O-glycanase (2 mU/ml) for an additional 2 h. The sample 
was then boiled for 5 min and analyzed with SDS-PAGE and 
Western blotting with Ab77. 

* 

Conditioned media 

DPXR cells at 95% confluence were washed twice with 

serum- free DME H21 medium. Four ml of DME H21 medium 
supplemented with 10% protein-free Serum Substitute (UCSF Cell 
Culture Facility) was added to each 10-cra culture plate. 
Conditioned media containing murine extracellular region 
polypeptide which were used for various assays were collected 
from DPXR cells over 48 h unless otherwise mentioned. 



Preparation of I -BB-PDGF 

BB-PDGF (gift from Chiron Corporation) was iodinated. 
Briefly, 2.5 jug of BB-PDGF were rotary-evaporated in a 
silanized polypropylene tube. BB-PDGF was resuspended in 10 /il 
of o.l M sodium borate (pH 8.5). 125 I-mono-iodo Bolton Hunter 
reagent (500 /±Ci; Amersham) was dried under nitrogen. The BB- 
PDGF was added to the dry Bolton Hunter reagent and incubated 
for 15 min at 4°C. Fifty jxl of quench solution (0.1 M sodium 
borate, 0.2 M glycine, pH 8.5) was added to the reaction 
mixture, which was incubated for an additional 10 min at 4*C. 
The entire reaction mixture was loaded on a PD-10 column 
(Pharmacia) equilibrated with 0.1 M acetic acid containing 
1 mg/ml BSA (ICN Biochemicals) , and eluted with the same 
buffer. 

X. Binding Assays 

Of relevance to the production of soluble fragments 
of PDGF receptor polypeptides, and assays for their use, are 
techniques and results reported in Kimball and Warren (1984) 
Biochim. Biophvs. Acta 771:82-88; van der Schaal et al. (1984) 
Anal. Biochem. 140:48-55; van Driel et al . (1989) J. Biol. 
Chem. 264:9533-9538; Heldin et al. (1988) EMBO J. 7:1387-1393; 
Williams et al. (1982) Proc. Nat'l Acad . Sci. USA 79:5867- 
5870; Williams et al. (1984) J. Biol. Chem. 259:5287-5294; and 
particularly, Orchansky et al. (1988) "Phosphatidyl inositol 
Linkage of a Truncated Form of the Platelet-derived Growth 
Factor Receptor" J. Biol. Chem. 263:15159-15165; each of which 
is hereby incorporated herein by reference. In particular, the 
Orchansky publication provides evidence that a whole 
extracellular region of a PDGF receptor, when separated from 
the TM and intracellular regions, still is capable of binding 

to PDGF ligands. 

In whole cell binding assays, 2 x 10 4 R18 cells (PDGF 
type B receptor transfectant CHO cells) detached with PBS/EDTA 
(2 mM) were incubated with 10 fil of platelet-poor plasma, and 
PBS/Hepes (25 mM final, pH 7.4). Conditioned media, 12.5 fil to 
200 Ml/ from DPXR cells (collected as described above), which 
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contain the extracellular region protein, were added to the 
binding mixtures in a final volume of 250 /il to form 20 to 1.25 
fold dilutions. The mixtures were shaken overnight at 4°C and 
spun through 750 pi of Ficoll gradient (28.5% Ficoll-Paque 
(Pharmacia) in PBS) at 4*C. The supernatants were aspirated 
and the radioactivity in the cell pellets was determined with a 
gamma-counter . 

To measure its affinity for BB-PDGF, extracellular 
region protein was immobilized by adsorption onto a plastic 
surface. 50 pi of WGA affinity chromatography purified 
extracellular region (approximately 8 0 nM, estimated by silver 
straining) was diluted in 10 ml of 25 mM Tris CI, 75 mM NaCl, 
20 mM NH 4 HC0 3 , pH 7.5, and 100 /il aliquots were plated in each 
well of 96-well ELISA microtiter plates (Dynatech Products 
Co.). After overnight incubation at 4 # C, the plate was washed 
once and blocked with 0.5% gelatin in 100 mM NaCl , 25 mM Hepes, 
pH 7.35, for 3 h at 4°C. The plate was then washed twice with 
binding buffer (0.3% gelatin, 100 mM NaCl, 25 mM Hepes, 
pH 7.35). 125 I-BB-PDGF and/or unlabeled BB-PDGF were added to 
the wells in a final volume of 100 \x\ and the plate was 
incubated at 4°C for 16 h for steady state binding. The plate 
was washed three times again with binding buffer and stripped 
with 200 ^1 of 1% SDS, 0.5% BSA for counting in a gamma- 
counter. 

Crosslinkina experiments 

Extracellular region polypeptide partially purified 
by WGA chromatography (25 ^1, -50 nM) was incubated with 
0.2 /iCi of 125I-BB-PDGF (2 nM final concentration) and various 
concentrations of unlabeled BB-PDGF in a final volume of 100 \l\ 
at 4°C for 3 h. The extracellular region protein was then 
crosslinked to the ligand by 1 mM bis (sulf osuccinimidyl) 
suberate (BS 3 ) (cat. #21579, Pierce Chemicals, Rockford, 
Illinois) at room temperature for 30 min. The reaction was 
stopped by 25 mM Tris buffer, pH 7.4 , for 5 min. The 
extracellular region protein was then immunoprecipitated with a 
receptor antibody (Ab77) and analyzed by SDS-PAGE. 
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Autophosphorylation assay 

Conditioned media containing the extracellular region 
protein (1 ml) were incubated with BB-PDGF for 3 h at 4'C. The 
mixtures were then added to the 6-well Falcon tissue culture 
plates (1 ml/well) which contained monolayers of quiescent 
human PDGF A-receptor transfectant CHO cells or BALB/c 3T3 
cells. The cells were incubated with the mixtures for 10 min 
at 37 °C and then washed with serum-free DME medium and lysed 
with Ripand lysis buffer. Cell lysates were analyzed by SDS- 
PAGE and Western blotting with an anti-phosphotyrosine mAb. 

Mitogenesis assay 

BALB/c 3T3 cells were plated in 96-well tissue 
culture plates for 3 days and made quiescent with Q-media (DMEM 
with 1 mg/ml insulin, 2 Mg/ml transferrin and 0.5 mg/ml BSA) 
for 2 4 h. Conditioned media containing the extracellular 
region protein was diluted in 2-fold serial dilutions with 
fresh DME H21 medium, preincubated with 2 nM BB-PDGF for 3 h at 
4'C and then added to BALB/c 3T3 cells (200 jul/well) . The 
cells were incubated for 18 h at 37 °C. One /xCi [H] -thymidine 
(in 50 /il) was then added to each well for 4 h. The cells were 
washed twice with cold PBS and fixed with cold trichloracetic 
acid (TCA, 5%) . Precipitated cell debris were then washed 
extensively with cold TCA (5%) and dissolved in 0.25 N NaOH for 
scintillation counting. 

XI . Human Extracellular Region 

Equivalent techniques for construction, expression, 
and determination of the physiological effect of truncation or 
deletion analogues of the soluble extracellular receptor 
fragments from the human receptor may be performed using the 
nucleic acid, polypeptide, and other reagents provided herein. 

Human Deletion and Truncation Constructs 

PDGF-R CONSTRUCTS 

The 3.9 kb EcoRI-Hind III cDNA fragment of the human 
type B hPDGF-R was subcloned into the EcoRI-Hind III site of 
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M13 Mpl8 to produce a vector Mpl8PR. For techniques , see 

Maniatis et al., Molecular Cloning: A Laboratory Manual (1982), 

Cold Spring Harbor, N.Y., which is incorporated herein by 

reference. Verification of subcloning was performed by 

restriction enzyme digestion analysis and dideoxy chain 

termination sequencing, as described by Sanger et al. (1977) 

Proc. Nat'l Acad. Sci. USA 74:5463. oligonucleotide directed 

in vitro mutagenesis was performed according to the method 

described by Kunkel et al. (1987) Methods in EnzvmoL . 154:367. 

The strategy for oligonucleotide directed in vitro deletion 

mutagenesis of Mpl8PR is outlined in Fig- 8. In brief, an 

oligonucleotide was designed to create a soluble type B hPDGF 

receptor extracellular region by deletion mutagenesis. A 

mutagenic oligonucleotide aligned with the appropriate region 

of the human PDGF receptor can be used to generate deletions. 

The antisense strand was used for mutagenesis throughout. 

Mutagenesis of PA1 utilized Mpl8PR as the template. PA1, a 41 

bp oligomer, introduced a TAG stop codon after Lysine 4gg (K 4gg ) 

of D5 and removed the transmembrane (TM) as well as the entire 

intracellular kinase domain (K) , producing an Mpl8 PA1. PA1 

codes for 530^ 148„ precursor proteins. 

aa aa 

The human PDGF receptor constructs were subsequently 
subcloned into the EcoRI-Hind III site of pBJl a derivation of 
pCDL-SRa296, as described in Takabe et al. (1988) Molec. Cell 
Biol . 8:466, and co-transf ected with pSV2NE0, as described by 
Southern and Berg (1982) J. Mol. Appl . Gen. , 1: 3 27, into 
Chinese hamster ovary cells (CHO) . 

Function of the construct was demonstrated as 

follows: 

A sample of 0.33 nM PDGF BB ligand is preincubated 
for 1 hr at 4°C under the following conditions: 

1. a polyclonal antibody to human PDGF (this antibody 
recognizes human PDGF AA, PDGF BB and PDGF AB) ; 

2. 18 nM (60 fold molar excess to PDGF BB) human type B 
PDGF receptor ; 

3. phosphate buffered saline solution that the receptor 
and antibody are in; or 

4. no additions but the ligand itself. 



In a duplicate set of experiments, 0*33 nM PDGF AA is 
incubated with three of the above preincubation conditions, 
e.g., 2, 3, and 4 above. The human type B PDGF receptor does 
not appreciably recognize PDGF AA but this ligand will still 
activate cell-associated human type A PDGF receptor from NIH3T3 
cells and so is a control for human type B PDGF receptor 
specificity and PDGF BB-dependent activation versus non- 
specific general cellular effect, e.g., cytotoxicity. 

The preincubated materials were in a final volume of 
0.5 ml. They were placed in one well each of a six well tissue 
culture dish containing a confluent layer of serum starved 
(quiescent) NIH3T3 cells which were chilled to 4°C. The cells 
and incubation mixtures were agitated, e.g., rocked, at 4 # C for 
2 h. They were then washed twice with 4*C phosphate buffered 
saline. Forty /il of 125 mM Tr is (hydroxymethyl) amino methane 
(Tris) , pH 6.8, 20% (v/v) glycerol, 2% (w/v) sodium dodecyl 
sulfate (SDS) , 2% (v/v) 2-mercaptoethanol , and 0.001% 
bromphenol blue, (known as SDS sample buffer) , was added per 
microtiter well followed by 40 ill of 100 mM Tris, pH 8.0, 30 mM 
sodium pyrosphoshate, 50 mM sodium fluoride, 5 mM 
ethylenediaminetetraacetic acid (EDTA) , 5 mM 

ethylenebis(oxyethylenenitrilio) tetraacetic acid, 1% (w/v) SDS, 
100 mM dithiothreitol, 2 mM phenylmethyisulf onyl fluoride 
(PMSF) , and 200 /iM sodium vanadate was added to the cells. The 
cells were solubilized and 40 /xl additional SDS sample buffer 
was added to the solubilizate. This material was boiled 5 
minutes and loaded onto a single gel sample well of a 7.5% 
sodium dodecyl sulfate polyacrylamide gel. Cellular proteins 
were separated by electrophoresis. 

The separated proteins were transferred to 
nitrocellulose by electrotransf er and the resulting "Western 
blot" was incubated with 3 changes of 0.5% (w/v) sodium 
chloride, 5 mg/ml bovine serum albumin, 50 mM Tris, pH 7.5, 
(designated blocking buffer) for 20 minutes each at room 
temperature. A 1/1000 dilution of PY20 (a commercially 
available monoclonal antibody to phosphotyrosine [ICN]) in 
blocking buffer was incubated with the blot overnight at 4°C. 
The blot was washed 3 times for 2 0 minutes each at room 
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temperature in blocking buffer. The blot was incubated with 4 
/xCi/40 ml of 125 I-Protein A [Amersham] in blocking buffer for. 1 
hour at room temperature and washed 3 times for 2 0 minutes each 
at room temperature in blocking buffer. The blot was exposed 
to X-ray film for 48 h with one intensifying screen at -70 # C 
and developed with standard reagents. 

XII. PDGF Plate Assay 

Polystyrene microtiter plates (Immulon, Dynatech 
Laboratories) were coated with the extracellular region 
fragment of the type B human PDGF receptor (described above) by 
incubating approximately 10-100 ng of this protein per well in 

100 /xl of 25 mM Tris, 75 mM NaCl, pH 7.35 for 12 to 18 h at 

4 # C. The protein was expressed in transfected CHO cells and 
collected in serum- free media (Gibco MEMa) at a concentration 
of 0.2 - 1 iig/ml, with a total protein concentration of 
150 - 300 /xg/ml. 

The human type B PDGF receptor extracellular region 
fragment was concentrated and partially purified by passing the 
media over wheat germ-agglutinin-sepharose at 4°C (at 48 ml/h) 
in the presence of 1 mM PMSF. After extensive washing, the 
protein was eluted in 0.3 M N-acetyl-glucosamine , 2 5 mM Hepes, 
100 mM NaCl, 1 mM PMSF, pH 7.4. This fraction was then applied 
to Sephacryl S-200 HR (Pharmacia) equilibrated in 0.15 M 
ammonium bicarbonate pH 7.9. The fractions containing receptor 
(3-10 ng//xl) were detected by SDS-PAGE and Western blotting 
with a polyclonal rabbit antibody against a peptide from the 
receptor external region. These fractions (3-10 ng//xl) were 
used to coat the microtiter wells as described above. The 
wells were then drained, rinsed once with 2 00 /xl each of 0*5% 
gelatin (Bio-Rad, EIA grade), 25 mM Hepes, 100 mM NaCl, pH 7.4, 
and incubated for 3 h at 4*C with 150 /xl of this same solution. 
The wells were drained and rinsed twice with 0.3% gelatin, 25 
mM Hepes, 100 mM NaCl, pH 7.4 (150 /xl each) . The plate was put 
on ice and 90 /xl of the 0.3% gelatin solution was put in each 
well (wells used to test nonspecific binding received just 80 
/xl and then 10 /xl of 0.01 mg/ml non-labeled PDGF in the 0.3% 
gelatin solution) . PDGF BB (Amgen) was iodinated at 4°C to 
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52,000 CPM/ng with di-iodo Bolton-Hunter reagent (Amersham) and 
approximately 40,000 CPM was added per well in 10 /jl, 
containing 0.024% BSA, 0.4% gelatin, 20 mM Hepes, 80 mM NaCI, 
7 0 mM acetic acid, pH 7.4. The plate was incubated for 4 h at 
5 4°C, after which wells were washed three times with 150 /il each 
with 0.3% gelatin, 25 mM Hepes, 100 mM NaCI, pH 7.4 at 4°C. 
The bound radioactivity remaining was solubilized from the 
wells in 2 00 1% SDS, 0.05% BSA, and counted in a gamma- 
counter. The nonspecific binding was determined in the 

10 presence of a 150-fold excess of unlabeled PDGF BB (Amgen) and 

};;:; was about 7% of the total bound 125 I-PDGF. 

p These studies were made possible by the availability 

of growth factor preparations devoid of contamination with 
j~ other growth factors and by the use of a receptor expression 
B system in which all of the measured - PDGF responses could be 
attributed to this single transfected receptor cDNA . 

\2 XIII. Intracellular Region 

y3 Cell Culture and recombinant baculovirus . 

Wo BALB c/3T3 cells clone A31 from CD. Scher, 

Children's Hospital of Philadelphia, PA- , were cultured in 
Dulbecco Modified Eagle's medium (DMEM) supplemented with 10% 
bovine serum and penicillin and streptomycin (50 iig/ral each) . 
Spodoptera frugjperda (Sf9) cells (from M. Summers, Texas A&M, 

25 TX) were grown in Grace's medium supplemented with 10% fetal 
bovine serum, 3.3 g/1 yeastolate, 3.3 g/1 lactalbumin 
hydrolysate, and penicillin and streptomycin 50 Mg/^1 each. 
Recombinant type B PDGF receptor and PDGF type B receptor AKI 
mutant baculovirus vectors were prepared by standard 

3 0 procedures. Recombinant baculovirus was collected from 

supernatant of Sf9 cells 48-60 hours after infection at a 
multiplicity of infection (MOI) of 1. 

Antibodies, mitogens, and peptides 
3 5 A type B PDGF receptor antibody (Ab77) directed 

against a synthetic peptide (amino acids 425-446) located at 

the extracellular region was used. PLC-7 monoclonal antibody 
was kindly provided by S.G. Rhee, NIH, Bethesda, MD, and GAP 
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antibodies were provided by F. McCormick, Cetus Corp,, 
Emeryville, California, Recombinant BB-PDGF was provided by 
C.G. Nascimento from Chiron Corp- Emeryville, California. 
Peptides used in the association experiments were prepared by 
5 conventional peptide synthesis using phosphorylated tyrosine 
(N-Boc-Tyr-0-[PO^B2l 2 ] , Peninsula Laboratory, Belmont, 
California) for the synthesis of tyrosine phosphorylated 
peptides. 

A° Association Assays 

0 In vivo associations were performed according to 

Jf! Morrison et al. (1989) Cell 58:649-657. Serum starved cultures 
SJ of BALB c/3T3 cells (10 cells) were incubated in the presence 
or absence of 2 nM" PDGF. Cell lysates were immunoprecipitated 
g5 by using receptor antibody or phosphotyrosine antibodies, 
s Immune complexes were used assayed for the presence of PI3 
■ m kinase activity and to determine the protein that associated 
M= with the receptor. In vitro association experiments were 
JSj performed according to Morrison et al (1989) or Morrison et al. 
p>0 (1990) Mol. Cell. Biol. 10:2359-2366. Typically, baculovirus- 
expressed type B PDGF receptor was collected from Sf9 cells 48- 
60 hours after infection (MOI:10) by immunoprecipitation using 
receptor antibodies. Infected cells were washed twice with 
cold PBS and lysed in 1 ml of lysis buffer (1% NP-40, 20 mM 
25 Tris (pH 8.0), 173 mM NaCl, 10% glycerol, 2 mM EDTA, 1 mM 

phenylmethylsulfonylfluoride (PMSF) , aprotinin (0.15 U/ml) , 20 
/iM leupeptin, 1 mM sodium orthovanadate) at 4*C for 20 min with 
rocking. In most experiments (except where indicated in the 
legend of Fig. 3) the immunoprecipitated receptor was 
3 0 autophosphorylated in vitro by incubating the immune complexes 
in a buffer containing 20 mM Tris (pH 7*5), 20 mM MnCl, 100 /xM 
ATP for 15 min at 25 °C. Lysates were cleared of insoluble 
material by centrifugation at 13,000 x g for 10 min. Lysates 
were incubated with receptor antibodies (1:500 dilution) for 
3 5 4 h at 4°C. Receptor-antibody complexes were precipitated 

using Protein-A sepharose (Sigma) and washed consecutively with 
RIPA buffer (lysis buffer with 0.1% SDS) , wash buffer 1 [0.5% 
NP-40, 0.5 M LiCl, 50 mM Tris (pH 7.4)] and with 10 mM Tris (pH 



# 



84 

7.4), The PI3 kinase association assay was performed by 
incubating the immobilized receptor with BALB c/3T3 cell 
lysates for 3 hours at 4°C. The immune complexes were 
consecutively washed with cold PBS ; 0.5% NP-40, 0,5 M LiCl and 
50 mM Tris (pH 7.4) . In the experiment using peptides the BALB 
C/3T3 lysates were preincubated with the peptides (50 jiM) for 
3 0 min at 4 0 C prior to the incubation with the PDGF receptor 
protein expressed in the insect cell system. 

In vitro kinase and PI3 kinase assay s 

In vitro protein kinase assays were performed by 
incubation of the immunoprecipitates in protein kinase buffer 
(30 mM Tris (pH 7.4), 10 mM MnCl 2 ) and 10 jLtCi [7~ 32 P]-ATP 3,000 
Ci/mmol, at 25 *C for 15 min. The reaction was terminated by 
adding 4x Laemmli loading gel buffer. Samples were analyzed by 
SDS-polyacrylamide gel electrophoresis and autoradiography. 
PI3 kinase activity was assayed as described by Kaplan et al. 
(1986) Proc. Nat'l Acad. Sci. USA 83:362-364. Immune complexes 
were incubated in PI3 kinase buffer (30 mM Hepes (pH 7.4), 30 
mM MgCl 2 , 200 /iM adenosine, 40 /xM ATP), 0.2 mg/ml of sonicated 
phosphoinositol (PI), and 10 /xci [7- 32 P]-ATP (3,000 Ci/mmol) at 
25 °C for 10 minutes. Adenosine was added in the PI3 kinase 
assays to inhibit any contaminating P14 kinase activity. 
Reactions were terminated by the addition of 100 jul of HC1 
acid. The products of the reaction were extracted with 
chloroform and separated by thin layer chromatography. The 
conversion of PI into PIP was determined by exposing the TLC 
plate to an X-ray film for 2-3 h. 

Receptor dephosphorylation 

Receptor immunoprecipitates were incubated for 3 0 
minutes at 3 0 # C with 4 /xg of potato acid phosphatase in the 
presence or absence of 1 mM sodium orthovanadate , see Morrison 
et al. (1989). After RAP treatment the immunoprecipitates were 
washed three times with RIPA buffer containing 1 mM sodium 
orthovanadate prior to the incubation with the 3T3 cell lysate. 
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"Blotting" of 85 3cD protein with PDGF receptor probe 

Cell lysate proteins transferred to nitrocellulose 
membranes were analyzed for their ability to bind directly to 
the PDGF receptor by probing the nitrocellulose membrane with 
32 P-labeled PDGF receptor. To prepare the radiolabeled 
receptor probe, baculovirus-expressefd receptor was 
immunoprecipitated from 10 6 Sf9 cells . The immune complexes 
were washed and labeled by autophosphorylation as described 
above. Labeled receptor was solubilized from the 
immunoprecipitates by repeated incubation of. the 
immunoprecipitate in solubilization buffer (0.4% SDS, 100 mM 
NaCl f 2 mM EDTA, 2 mM £-mercaptoethanol , and 50 mM 
triethanolamine, pH 7.4) at 100 # C for 2 min. The extracts were 
pooled, diluted in solubilization buffer without 
£-mercaptoethanol and brought to 10 mM iodoacetamide and 1% 
Triton X-100. Analysis of this material by SDS-polyacrylamide 
electrophoresis followed by radioautography revealed the 
presence of only the receptor band. BALB c/3T3 cells lysates 
were prepared and run on SDS-PAGE. Proteins were transferred 
onto nitrocellulose filter by electroblotting in the absence of 
SDS. Filters were incubated with radiolabeled PDGF receptor 
for 12 h at 4°C, and washed in the solubilization buffer 
containing 2% Triton X-100 without £-mercaptoethanol . For the 
peptide competition experiments the filters were incubated as 
described above with the 32 P-Labeled receptor probe and 2.5 
of the indicated peptide. 

All publications and patent applications herein are 
incorporated by reference to the same extent as if each 
individual publication or patent application was specifically 
and individually indicated to be incorporated by reference. 
The invention now being fully described, it will be apparent to 
one of ordinary skill in the art that many changes and 
modifications can be made thereto without departing from the 
spirit or scope of the appended claims. 



